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A REMARKABLE NEW NAUCORID WATER BUG 
(HEMIPTERA) 


H. B. HUNGERFORD, 
University of Kansas! 


Through the kindness of Mr. J. C. Lutz, of Philadelphia, 
Pennsylvania, I have been privileged to study an interesting 
little bug that was collected in Paraguay by Alberto Schulze. 
This tiny bug is so much smaller than the Naucoridae known to 
us and structurally so different that it is necessary to propose 
a new genus for this new species. Its diminutive size compared 
to other Naucorids is like that of the Tenagobia among the 
Corixidae. 


Potamocoris new genus 


Body elongate. Head relatively large, not as deeply set into 
prothorax as in other Naucorids, the eyes embraced only at their 
base. Inner angle of eye remote from caudal margin of the head. 
Eyes curved over the lateral margin of the head to occupy nearly 
as much area beneath the head as above. Labrum transverse, apex 
rounded. Beak slender, 3-segmented, last two segments elongate. 
Antennae 4-segmented, slender, arising from beneath the lateral half 
of the caudo-ventral margin of the eyes. Gula long, not carinate. 
Pronotum with caudal margin plainly excavated in front of scutellum, 
which is large, triangular, broader than long. Hemelytra well-developed, 
with well-marked embolium, cut off caudally by the fracture. Pro- 
sternum moderately carinate, not exposed behind. Mesosternum slightly 
carinate. Venter naked except for a few scattered stout hairs. All 
tarsi ending in two claws. Anterior tarsus one-segmented, others 
two-segmented. 


Potamocoris parvus n. sp. 
Size-—Length, 2.8 mm.; width of head across the eyes, .63 mm. 
Anterior width of pronotum, .644 mm.; posterior width of pronotum, 
1.064 mm.; greatest width across hemelytra, 1.22 mm. Median length 


1Contribution from the Department of Entomology, University of Kansas. 
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of head, .42 mm.; of pronotum, .35 mm.; of scutellum, .49 mm.; of 
hemelytral commissure, .56 mm.; from tip of hemelytral commissure 
to tip of membrane, .98 mm. 

Color.—Testaceous, with paler markings on basal half of clavus, on 
corium from basal angle extending as an indefinite band back to the 
fracture or nodal suture, and on distal angle of corium and membrane, 
the latter semitransparent. Beak, antennae and legs translucent, 
with greenish reflections. 

Structural Characters—Head, pronotum and scutellum smooth, 
shining. Clavus and corium with coarse, pebbly reflections, pitted. 
Dorsal surface of insect with evidence of some sparse, fine, procumbent 
hair, and a few, erect, linear, scale-like hairs on head, on upper margin 
of pronotum, on base of embolium, and one on lateral margin of each 
eye. Eyes coarsely faceted, and curved over the lateral margin of 
the head to occupy as much area beneath the head as above. As 
viewed from above the eyes are longer than broad, roughly triangular, 
the inner basal angle curved. Interocular space about one and one-third 
width of an eye. Front of head produced beyond the eyes, labrum 
broader than long, apex broadly rounded. Beak moderately slender, 
reaching to distal end of anterior coxae. Antennae slender, arising 
beneath the lateral half of the caudo-ventral margin of the eyes, the 
terminal segments visible from above beyond the lateral margins of 
the pronotum. The relative lengths of antennal segments as follows: 
Ist : 2nd : 38rd : 4th ::5:10:15:17. Pronotum sloping from the 
slightly elevated scutellum to the head. Lateral margins of pronotum 
straight, narrowly explanate; anterio-lateral angles acute, embracing 
the base of the eyes. The prosternum with median longitudinal carina, 
which is produced beyond the anterior margin. Mesosternum with 
slight median carina. Front legs short, femora moderately incrassate. 
The relative length of femur : tibia : tarsus ::7:4.5:1.8. Middle legs 
short, with stout spines on tibiae. The relative length, femur : tibia : 
tarsus ::7:5.5:4.5. Hind leg, femur : tibia : tarsus : :9 : 10.5 : 9.5. 
In both middle and hind legs the first tarsal segment is slightly longer 
than the second. A few stout spines on hind tibia and tarsus; swimming 
hairs inconspicuous and confined to hind tarsus. 


The ventral abdominal segments as shown in Figures 6 and 
and the male genital capsule as in Figure 8. In this species 
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EXPLANATION OF PLATE 


1. The ventral view of the head of Potamocoris parvus Hungerford, drawing to 
twice the scale of Figure 3. 

The front leg of Potamocoris parvus, ventral view drawn to two and one-half 
times the scale of Figure 3. 

Dorsal view of Potamocoris parvus Hungerford, enlarged from 2.8 mm., which 
is its natural length. 

The middle leg of above, ventral view. 

The hind leg of above, ventral view. 

The abdominal venter of female, same scale as Figure 3. 

The abdominal venter of male, same scale as Figure 3. 

The male genital capsule, two and one-half times Figure 3. 
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the claspers do not show the asymmetry of A phelochirus 
aestivalis Fabr. 

Location of Types: In Francis Huntington Snow Collection 
and in private collection of John C. Lutz, in Philadelphia, Pa. 
Holotype, allotype, and 19 paratypes, a series of 9 males and 12 
females, bearing labels as follows: ‘‘Horqueta, Paraguay. 
57-10 W. 23-24N. 44 kilm. East Paraguay River. Dec. 4, 
1934.” 1 9. Same place, Dec. 8, 1935, 1@. ‘‘Horqueta, 
Paraguay. 45 miles E. Paraguay River. March 9, 1935.” 
30°’, 49 9. Same place, Dec. 7, 1935, 50° o#%, 79 9. All 
collected by Alberto Schulze. 

Comparative Notes: This tiny water bug runs in our existing 
family keys to the Naucoridae. While its minute size and 
structural characters set it apart from any generic group known 
to me, it has some characters that suggest a relationship to 
Aphelochirus. The slender antennae, the shape of the head 
and beak, the two-clawed tarsi all around, and the genitalia are 
somewhat comparable. It differs in having the eyes less deeply 
embraced by the pronotum and much more developed ventrally. 
The antennae arise near the ventral posterior angle instead of 
anterior ventral angle of the eye as in Aphelochirus. The beak 
is much shorter. The anterior tarsus is one-segmented. There 
is evidence on the rear margin of the third dorsal abdominal 
segment of the adult that the nymph possesses repugnatory 
glands as shown by Wilhelm Bollweg (1915) for Naucorts 
cimicoides L. It is probable that the adults possess glands 
opening on the mesothoracic venter. This little species would 
prove most interesting in any comparative morphological study 
of the Naucoridae. 


SERIES III. ATLAS OF SCALE INSECTS OF NORTH AMERICA, by 
Gorpon FLoyp Ferris. 84%xllinches. For sale by STANFORD UNIVERSITY 
Press, Stanford University, California. Price, unbound, $6.75; bound, 
$7.75; one dollar less if entire Atlas is ordered. 
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KEY TO THE SUBFAMILIES OF NAUCORIDAE WITH A 
GENERIC SYNOPSIS OF THE NEW SUBFAMILY 
AMBRYSINAE (HEMIPTERA) 


Rosert L. USINGER, 
University of California, 
Davis, Calif. 


In his ‘‘Conspectus Generum”’ under ‘‘Enumeratio Naucori- 
darum’”’ Stal (1876) first clearly defined the higher groups of 
the Naucoridae, calling them ‘‘Divisions.’’ These were later 
raised to subfamily rank where they stand today as distinctive 
major groups of the world wide family Naucoridae. The 
only subfamilies which Stal did not propose are the Crypho- 
cricinae and the Cheirochelinae. In dealing with the first 
of these he simply keyed out the two genera Ambrysus 
Stal and Cryptocricus Stal (emend. for Cryphocricos Signoret) 
because, as stated in a footnote, ‘‘Exemplus hujus generts 
(Cryptocricus), quod vidi unicum, maxime mutilum.’’ Mon- 
tandon (1897a) proceeded to lump these into a single, poorly 
defined subfamily with Signoret’s older but little understood 
genus Cryphocricos as genotype. The orthography of the 
generic name and with it the name of the subfamily was cor- 
rected during the same year by Montandon (1897b). 

I have dealt elsewhere (1938) with the old-world genera 
which Montandon mistakenly referred to the typically American 
Cryphocricos-Ambrysus complex under the single subfamily 
Cryphocricinae. The truly American ‘‘Cryphocricinae’”’ have 
likewise had a confusing history. Cryphocricos was described 
in 1850 from a brachypterous specimen collected in Brazil. 
Soon after this Stal (1862) described his genus Ambrysus which 
now comprises a majority of the Naucorid species described from 
the Western Hemisphere. Then, in 1897, Montandon received 
a single specimen of a large, macropterous Naucorid with 
tremendous claws. It is difficult to understand why this remark- 
able species, macrocephalus Montandon, was referred even 
doubtfully to the genus Cryphocricos, to which it bears not the 
slightest resemblance, even superficially, and Champion (1898) 
expressed the opinion that it ‘‘should probably form the type 
of a new genus, when the male is discovered.’’ It was my good 
fortune to collect several hundred of these remarkable insects 
clinging to the mossy surfaces of rocks beneath waterfalls in 
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southern Mexico. These and other specimens of a related 
species collected at the same time or received later are described 
below under a new genus. Still another genus, Melloiella 
De Carlo (1935), has recently been described from South 
America and is figured here (figure 3). 

The polyphylectic nature of Montandon’s subfamily Crypho- 
cricinae first became apparent while collecting hundreds of 
specimens of the heretofore very rare true genus Cryphocricos 
Signoret in southern Mexico. These insects are dimorphic, 
much as in the old-world subfamily Aphelocheirinae, the 
brachypterous form being commonest and differing so com- 
pletely from macropterous forms, particularly as regards 
thoracic development, that the two would be placed in separate 
genera by a person unfamiliar with the group. Also as in the 
case of the Aphelocheirinae (which are among the very few 
adult aquatic insects able to survive indefinitely without 
direct contact with the surface) and doubtless as a consequence 
of their brachypterous condition some special means of respira- 
tion is necessary. This follows because the cavity between the 
folded hemelytra and wings and the dorsal surface of the 
abdomen is normally used by Naucorids as an air reservoir, the 
air being admitted by parting the hemelytra from the tip of the 
abdomen and breaking through the surface film at this point. 
The air may then be changed as needed via a protected notch 
on either side of the base of the abdomen to the abdominal 
venter where it is seen characteristically as a silvery film 
covering the under surface of the body. This film is main- 
tained by a dense coating of hydrofuge hairs and Ege (1915) 
has shown that, due to the difference in rates of diffusion of 
oxygen and nitrogen and to the fact that oxygen is constantly 
being used up in the insect’s air film, this film may actually 
serve as a breathing mechanism, extracting dissolved oxygen 
from the surrounding water. Now the brachypterous forms 
of both the Cryphocricinae and the Aphelocheirinae lack the 
hemelytral covering so necessary in obtaining the original air 
supply from the surface and also lack the dense coat of hydro- 
fuge hairs so necessary in maintaining the ventral air film. 
Hence the special spiracular structures of the Aphelocheirinae 
described in detail by Szabé6-Patay (1924) have been developed 
as a means of extracting dissolved oxygen from the water. 
The Cryphocricinae possess still different spiracular structures 
which need to be studied both biologically and histologically 
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with fresh material. Until such time as this is available the 
superficial description of these structures given below based 
upon a long series of dried specimens must suffice. 

Because of their unique method of respiration and the 
structural differences described below, the subfamily Crypho- 
cricinae is hereby restricted to its type genus, Cryphocricos 
Signoret. The two remaining genera formerly included in the 
above group, together with a new genus herein described, 
comprise a new subfamily which will take the name of its oldest, 
most widespread, and typical genus Ambrysus. 

It has been possible to include still another new subfamily, 
thanks to the co-operation of Dr. H. B. Hungerford and the 
editors of this Journal. Potamocoris parvus Hungerford rep- 
resents the only entirely new group of Naucoridae discovered 
during the past half century. This interesting species came 
to the notice of Dr. Hungerford after the present paper had 
gone to press, but material was immediately forwarded to me 
and the necessary changes and additions were made in the 
galley proof. 


KEY TO THE SUBFAMILIES OF NAUCORIDAE 


1. Rostrum slender and at least as long as front femora. Antennae extending 
beyond side margins of head and hence visible from above. Front legs 
but little modified for grasping prey, the tibiae straight and the tarsi 
movable and bearing two well developed claws. Male genital capsule 
with two anteriorly directed apophyses arising from its postero-dorsal 
I v5.50 xk. 62K wh ew WERTARES ARES CIN Cee TAR a elle eae eee 2 


Rostrum very broad at base, tapering towards apex, much shorter than 
front femora. Antennae short, completely concealed beneath margins 
of head. Front legs greatly modified for grasping prey, the femora 
strongly incrassate, the tibiae curved and the tarsi conately joined to 
tibiae and usually bearing one or two small claws. Male genital capsule 
with postero-dorsal margin produced forward as a broad, entire, truncate 
SE SI OO occ en's brie cs camdvicueee ceedowanveanieiinontecen 3 


2. Rostrum very long, reaching at least to middle coxae, the apical segment 
much shorter than the preceding segment. Front tarsi three-segmented. 
Spiracles branching on ventral abdominal surface as ‘‘rosettes’’ of 
sclerotized tubes. Abdominal venter smooth, not interrupted by sub- 
lateral longitudinal sutures. Fifth abdominal tergite of male strongly, 
asymmetrically produced as a rounded lobe above genital segments, the 
fifth ventrite shallowly, roundly emarginate. Parameres asymmetrical. 
Aedeagus distinctly serrate at apex. Seventh female ventrite entire. 
Large, over 5 mm., strongly dimorphic species, the brachypterous forms 
most common, broadly oval tosubrounded inform. Palearctic, Oriental, 
Australasian, and Ethiopian Regions....................05. Aphelocheirinae 

Rostrum reaching only onto front coxae, the last two segments subequal. 
Front tarsi one-segmented. Spiracles not branching as ‘‘rosettes’’ of 
sclerotized tubes. Abdominal venter with distinct sublateral longitud- 
inal sutures. Fifth’ abdominal tergite of male shallowly, roundly concave 
at apex, the fifth ventrite deeply, angulately emarginate at apex. Para- 
meres symmetrical and aedeagus without teeth at apex. Seventh 
female ventrite longitudinally cleft at middle. Size small, under 3 mm. 
Only macropterous forms known. Neotropical Region...... Potamocorinae 
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3. Anterior margin of pronotum deeply ane behind interocular space 


(figures 2 and 3). Chiahh cheats ro eaciee SUR Sie KAISER os Wie ain rs Sapte t 
Anterior margin of pronotum ‘straight or scarcely concave behind inter- 
SE POE PO REE TO ET OL ET PEE Te er EOE TR CE eT 6 
4. Rostrum inserted in a profound excav ation well back from the apical 
margin of the head, the head being arcuately produced plate-like in front 
of the eyes. Labrum often greatly reduced. Prosternum broadly 
exposed, the propleural plates not produced mesad. Incipient 
brachyptery in some forms. Oriental....................00. Cheirochelinae 
Rostrum inserted at anterior margin of he: id, the labrum distinct and well 
IS BE isc Sv Va aa Aw Rd Medea Nhs RE REKRE AE thccle ae 


5. Propleura produced plate- “like over + poste rior “portion of prosternum, con- 
tiguous at middle and completely covering this portion of the prosternum 
(figure 1B). Abdominal venter densely pubescent, interrupted by small 
holes at spiracular openings and by a transverse row of small holes behind 
each spiracle (figure 1B). Always macropterous. Nearctic and Neo- 
RUNES SS iat etek cA nec eaiics Aman ak at eau a mena Ambrysinae 

Prosternum ‘comple tely “exposed, ‘separated from the flattened pleura by 
simple sutures and not at all produced mesad as above (figure 1A). 
Abdominal venter naked and with a perforated, disk-like area near 
each spiracle (figure 1A). Strongly dimorphic, the brachypterous 
forms most common and so in form. Sonoran and Neo- 
tropical. the ........Cryphocricinae 

6. Front tarsi. two- segmented with two claws. which are often very incon- 
spicuous. Anterior margin of head strongly turned downward and 
backward, the rostrum thus arising well behind the actual anterior 
margin of the head. Hypostomal region extremely short. Middle and 
hind femora each with two longitudinal rows of conspicuous bristles on 
ventral face in addition to the two usual rows of short bristles along the 
posterior or inner face. Oriental, Ethiopian, and Neotropical. 

Laccocorinae 

Front tarsi one-segmented and with or without a minute, scarcely dis- 
tinguishable claw. Front margin of head usually less strongly turned 
downward and backward. Hypostomal region moderately long. Middle 
and hind femora without distinct additional rows of bristles as above.... 7 

7. Inner margins of eyes anteriorly divergent. Meso and metasterna bearing 

prominent longitudinal carinae which are broad and foveate or otherwise 
excavated along middle. Body broadly oval and_ subflattened. 
NE ee cc accwallyinwek sad W uae ina na Melee iced Limnocorinae 
Inner margins of eyes anteriorly convergent. Meso and metasterna with- 
out longitudinal carinae at middle or with small, thin, plate-like carinae. 
Body strongly convex, robust. Cosmopolitan. .................. Naucorinae 


SUBFAMILY POTAMOCORINAE USINGER, NEW SUBFAMILY 


Form elongate-oval; moderately convex above; surface variously 
granulate or indistinctly punctate, shining. Head two-thirds as long 
as broad across eyes, distinctly produced and narrowed in front of eyes 
and subrounded at apex; inserted rather shallowly into pronotum, its 
hind margin feebly arcuate behind eyes, nearly straight at middle, the 
posterior portion thus formed located behind level of hind margins of 
eyes; labrum small but distinct, rounded at apex; rostrum slender, as 
long as front femora, the last two segments subequal; hypostomal 
region relatively long, convex. Antennae inserted behind eyear near 
sides of head so that the last two segments may extend beyond sides of 
head, first segment shortest, second moderately thickened, third and 
fourth longest, slender and subequal. Pronotum transverse, both front 
and hind margins concave, humeral angles roundly elevated and lateral 
margins narrowly flattened. Hemelyitra well developed, completely 
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covering abdomen, with distinct clavus, corium, embolium, and mem- 
brane, the clavus and corium shallowly, sparsely punctate. Con- 
nexival angles not at all produced, right angles. Under surface naked 
anteriorly, with scattered hairs posteriorly. Prosternum tectiform, 
completely exposed, the propleural plates scarcely produced beyond 
coxal cavities. Venter with longitudinal sutures sublaterally. Fifth 
ventrite in the male deeply, angulately emarginate at apex while the 
fifth tergite is shallowly, roundly concave. Male genitalia, with 
symmetrical parameres, two anteriorly directed apophyses arising 
from postero-dorsal margin of genital capsule, and untoothed oedeagus. 
Seventh female ventrite longitudinally cleft at middle. Legs but 
little modified for grasping prey or for swimming. Front coxae three- 
fourths as long as moderately incrassate femora and slightly longer than 
tibiae. All tarsi bearing two slender claws, the front tarsi one- 
segmented, middle and hind tarsi apparently two-segmented. The 
basal segment of the middle and hind tarsi is always small in the 
Naucoridae but in this case even the higher powers of a compound 
microscope failed to reveal a basal segment in specially prepared slide 
material. 


Type genus: Potamocoris Hungerford, 1941. 

This subfamily is erected for the remarkable bug, Potamo- 
coris parvus, described by Dr. Hungerford in the paper 
immediately preceding this. It is the most isolated and unique 
group of Naucorids in the world. Although closest to the 
Aphelocheirinae it is so completely distinct, both geographically 
and in fundamental characters, from that subfamily that the 
two groups must be considered as separate branches of the 
primitive Naucorid stock. Those who would elevate the 
Aphelocheirinae to family rank will now find it necessary to 
recognize a third family in the Naucorid complex, for Ptomacorts 
is not an Aphelocheirine in any sense of the word. 


SUBFAMILY AMBRYSINAE USINGER, NEW SUBFAMILY 


Form broadly oval or elongate-oval; subflattened, being feebly con- 
vex above and often slightly concave beneath; surface dull and granular 
to highly polished. Head variable in size; surface, including eyes, 
typically flattened but sometimes with interocular area depressed and 
eyes subglobular; deeply inserted in triemarginate anterior border of 
pronotum; scarcely to distinctly produced in front of eyes, the subgenal 
plates sometimes strongly enough produced to be seen from above; 
labrum distinct, located at extreme anterior margin of head and 
anteriorly rounded or subtriangular in form; rostrum short; hypostomal 
region tectiform. Antennae with second segment shorter than third and 
often greatly enlarged. Pronotum transverse; sides sinuate to arcuate, 
crenulate to entire, and usually strongly depressed; posterior transverse 
impression more or less distinct, interrupted at middle by posterior 
portion of anteriorly dilated discal depression which reaches to anterior 
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border. Hemelytra complete in that they nearly cover the abdomen 
and typically with clavus, corium, and embolium distinct and mem- 
brane slightly less well defined. In Melloiella, however, none of these 
regions is distinct so that a homopterous condition obtains (fig. 3). 
Connexival angles either right angles or moderately to strongly pro- 
duced. Under side of body densely clothed with long, fine hairs, espe- 
cially on the abdomen where the spiracular openings are almost obscured 
and where a series of three or more ill-defined breaks in the pubescence 
is to be seen on each segment behind the spiracle. In some forms a 





Fig. 1. A, Ventral view of Cryphocricos Signoret. B, Ventral view of 
Cataractocoris macrocephalus (Montandon). 


glabrous ventral margin surrounds the pubescent areas. Prosternum 
elevated and tectiform anteriorly between the coxae, widening and 
decreasing in height posteriorly where its disk is often subdepressed and 
is always covered by the projecting pleural plates which overlap the 
prosternum and are subcontiguous at middle (fig. 1B). Front tarsi 
continuous with tibiae and with or without a very minute, almost 
microscopic claw at tip. Middle and hind tarsi three-segmented and 
bearing a pair of feebly to strongly developed claws and a distinct 
unguitractor plate. 
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Type genus: Ambrysus Stal, 1862. 

As mentioned above, the three subfamilies which have been 
confused in the past are the Cheirochelinae, the Cryphocricinae, 
and the Ambrysinae. These are the only Naucorids with the 
anterior margin of the pronotum deeply emarginate immediately 
behind the interocular space, which, with the lateral emargina- 
tions behind the eyes, makes the anterior margin of the pro- 
notum triemarginate. Of these the Cheirochelinae have the 
rostrum inserted well back beneath the head remote from the 
plate-like anterior margin and have the labrum reduced or 
absent. The Cryphocricinae, as has been noted elsewhere, 
are commonly brachypterous; have a nearly naked venter; have 
spiracular openings which appear as round, disk-like plates 
which are perforated by numerous small holes and have a 
densely pilose interior; and have a flattened posterior half 
of the prosternum which is separated by well defined sutures 
from the flattened pleura with no indication of overlapping 
lobes. 


KEY TO THE GENERA OF AMBRYSINAE 


1. Hemelytra entirely shagreened, with no apparent membrane, claval suture 
obsolete and apical transverse emboliar suture wanting. Postero-lateral 
angles of pronotum obliquely truncate and feebly emarginate (figure 3), 

Melloiella DeCarlo 
Hemelytra with membrane at least distinguishable from the corium, claval 
suture well defined and transverse emboliar suture usually distinct. 
Postero-lateral angles of pronotum subrounded or simply angular... . 2 

2. Surface covered with scattered papilla-like granules. Head distinctly 
produced in front of the eyes with subparallel sides and subtruncate 
apical margin (figure 3); subgenal plates strongly produced, visible 
trom above. Eyes distinctly elevated and subglobose. Ventral surface 
margined by a glabrous area, especially on the abdomen (figure 1B), 

Cataractocoris n. gen. 
Surface in great part shagreened, sometimes highly polished and often 
distinctly punctate on the head and pronotum but not granulate as 
above. Eyes scarcely elevated above the flattened surface of the head; 
subtriangular, their inner margins very long and outer margins rounded. 
Ventral surface of abdomen pubescent almost or quite to lateral margins, 
Ambrysus Stal 


Genus Cataractocoris Usinger, new genus 


Surface dull, covered with sparse, coarse, distinct granules. Form 
oblong-oval to subparallel. Head transverse, the eyes large, bulbous; 
anterior portion extending well bevond eyes, its lateral margins briefly, 
roundly converging; anterior margin subtruncate, emarginate on either 
side; subgenal plates subprominent; posterior margin of head between 
the eyes deeply inserted into anterior emargination of pronotum. 
Pronotum over twice as broad as long on median line; with a distinct 
transverse impression near posterior border, narrowly interrupted at 
middle from whence a rather well-defined depressed area extends to 
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anterior margin, its sides bisinuate, diverging anteriorly to almost 
the width of interocular space behind; disk rather strongly elevated on 
either side of this, with a depression at middle of each side and strongly 
depressed to narrowly lamellate lateral margins. Scutellum almost 
two-thirds as long as broad, with a basal, feebly elevated smooth area 
sharply delimited by a transverse line which is sinuate laterally. Heme- 
lytra and wings well developed, clavus, corium and embolium distinct 
and membrane rather obscurely differentiated from corium, being with- 
out coarse granules. Connexivum moderately exposed, posterior angles 
of segments nearly right angles. Under surface quite generally hairy. 
Hypostomal area long, obtusely carinate. Prosternum strongly ele- 
vated anteriorly into a sharp carina which is “‘Y’’-shaped posteriorly, 
leaving a depressed center formed by two less elevated and more obtuse 
carinae. Propleura strongly reflexed anteriorly behind coxae and 
posteriorly strongly produced plate-like over prosternum, being con- 
tiguous at center. Pubescent under surface completely surrounded by 
a narrow glabrous margin. Legs much as in Ambrysus but with the 
rows of tibial bristles less well developed, basal segments of middle and 
hind tarsi prominent and claws of these tarsi enormously developed. 
Terminal abdominal segments of male movable as a unit, attached to 
fourth visible abdominal segment at middle, this fourth segment cov- 
ering terminal segments dorsally and extending posteriorly as a tri- 
emarginate plate, the central emargination being subangular. Inner 
angle of right dorsal tergite of seventh segment not produced as a long 
hook as in Ambrysus. Parameres short and transverse. 


Genotype: Cryphocricus macrocephalus Montandon. 

A strikingly distinct genus which may be readily dis- 
tinguished from other Ambrysinae by the coarsely granular 
surface, the strongly produced anterior portion of the head 
and the prominent basal tarsal segments and claws of middle 
and hind legs. 


1. Cataractocoris macrocephalus (Montandon) 
(Fig. 2) 
Cryphocricus macrocephalus Montandon, Bull. Mus. d’Hist. Nat., Paris (1897), 

No. 4, p. 125, 1897. 

Several hundred specimens of this species were collected by 
Mr. H. E. Hinton and myself below the village of Temascaltepec 
and near the village of Real de Arriba in the district of 
Temascaltepec, Mexico, on June 4 and 5, 1933. The bugs 
were found clinging to the mossy or algae-covered rocks beneath 
forty foot waterfalls which constantly sprayed and dashed 
water against them. Both nymphs and adults were found 
under these conditions and no specimens were found above or 
below the falls in more placid water. 
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2. Cataractocoris marginiventris Usinger, new species 


Distinguished from macrocephalus by the straight lateral pronotal 
margins, shorter and proportionately broader anterior femora, alternated 
connexivum, and the broad glabrous band surrounding the venter. 

Form oblong-oval. Head subequal in length to pronotum on median 
line; one-half as wide, eyes included, as pronotum behind; interocular 
space at middle two-fifths the total width of head, wider behind and in 
front; labrum less than twice as wide as long, 8 : 5, rounded at tip. 
Pronotum almost three times as broad as long on median line, strongly 





Fig. 2. Cataractocoris macrocephalus (Montandon). 


elevated on either side of middle, the lateral margins strongly depressed 
and only narrowly expanded, rectilinear to feebly arcuate, and irreg- 
ularly, obscurely roughened or serrate; postero-lateral angles subtrun- 
cate; coarse granules less prominent behind transverse impression. 
Scutellum with subbasal transverse line, irregular at middle, convexly 
sinuate laterally, the area thus delimited without coarse granules. 
Embolium with lateral margin narrowly reflexed, feebly rounded and 
slightly divergent on basal three-fourths, more strongly rounded pos- 
teriorly to joining of corium where a concave angle is formed. Con- 
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nexivum moderately exposed, the posterior half of second, third, and 
fourth segments infuscated within narrowly pale margin; posterior 
angles of segments right angles, subrounded, not at all produced. 
Venter densely pilose except for naked, polished, marginal band which is 
about one-eighth as wide as greatest width of abdomen. Front femora 
almost two-thirds as broad as long. 

Color mottled dark brown to black, the eyes, scutellum except at 
basal angles, corium, and inner apical third of embolium and membrane 
black. Pronotum just behind transverse impression and narrowly on 
lateral margins, scutellum laterally near base, embolium laterally and 
throughout its width obliquely one-third of the distance from apex, 
connexival segments basally and laterally testaceous, the entire venter 
and margins of under side and legs in great part fulvous to testaceous. 

Size: Male, length 12.33 mm., width (embolium) 6.09 mm. Female, 
length 13.75 mm., width (embolium) 7.1 mm. 


Holotype, male, No. 4974, and allotype, female, No. 4975, 
Calif. Acad. Sci., Ent., and a long series of paratypes collected 
several miles below the village of Temascaltepec in the district 
of Temascaltepec, Mexico, June 5, 1933, by H. E. Hinton and 
myself. The specimens were taken in turbulent rocky streams 
in which the water was rushing so fast that it all but swept 
the net away. The net was held braced against a rock while 
the specimens were dislodged from rocks one foot or a little less 
in diameter by rubbing over their surfaces whereupon the 
specimens were swept down into the net. 

A single perfectly typical female specimen has since come 
to hand through the kindness of Dr. H. B. Hungerford. It 
was collected between Cajones and Rincon south of Chil- 
pancingo, Guerrero, Mexico, on July 1, 1932, by Hobart Smith. 


Genus Melloiella De Carlo 
(Fig. 3) 
Melloiella De Carlo, Rev. Argent. de Ent., 1: 3-5, figs. 1-3. 

Melloiella truncaticollis was described by De Carlo from a 
single female specimen with broken middle and hind tarsi 
collected in the State of San Pablo, Brazil. The specimen 
figured here is a female with rostrum broken off which was 
sent to me by Mr. W. E. China from the British Museum 
(Natural History). It bears the following data: Brazil, Sta. 
Catharina, Humboldt, XII-26-’"19, W. Ehrhardt, Brit. Mus. 
Acc. No., 234-1921. Three apparently last instar nymphs 
bearing the same data were likewise received. A perfect 
female specimen and another last instar nymph have since 
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come to hand from the assiduous collecting of Fritz Plaumann 
at Nova Teutonia, Brazil, March 24, 1936. Melloiella is a 
superficially distinctive genus which is actually so closely 
allied to Ambrysus that it would be difficult to separate but 
for the greatly modified hemelytra. 





Fig. 3. Melloiella truncaticollis De Carlo. 


Genus Ambrysus Stal 
Ambrysus Stal, Stettin. Ent. Zeit., 23: 459-460, 1862. 


A genus of some thirty described species and as many more 
undescribed which have accumulated during the past ten 
years and will be treated in subsequent years. These bugs 
do not occur in the eastern United States where they are 
replaced by the Naucorine genus Pelocoris. They are widely 
distributed throughout the western United States as far north 
as northern California and Wyoming and reach their greatest 
abundance in the Sonoran Region and southward into Central 
and South America. 








16 Annals Entomological Society of America [Vol. XXXIV, 


LITERATURE CITED 

Champion, G. C. 1901. Biologia Centrali-Americana. Hemiptera-Heteroptera 
2: 354, Tab. 21, fig. 2. 

De Carlo, J. A. 1935. Hemipteros acudticos y semiacudticos. I. Descriptién 
de un nuevo género y una nueva especie de la familia Naucoridae, subfamilia 
Criphocricinae. Revista Argentina de Entomologia, 1: 3-5, figs. 1-3. 

Ege, R. 1915. On the respiratory function of the air stores carried by some 
aquatic insects (Corixidae, Dytiscidae, and Notonecta). Ztschr. f. Allg. 
Physiol., 17: 81-124. 

Montandon, A. L. 1897a. Hemiptera cryptocerata. Fam.Naucoridae.—Sous-fam., 
Cryptocricinae. Verh. zool.-bot. Gesell. Wien., 47: 6-23. 

1897b. Hémiptéres nouveaux des collections du Muséum de Paris. Bull. 
Mus. d’Hist. Nat. Paris. (1897). No. 4, pp. 124-131. 


Signoret, V. 1850. Description d’un genre nouveau de l’ordre des Hémiptrées 
hétéroptéres, et de la section des Hydrocoryses. Rev. Mag. Zool., Paris 
(2)2: 289-291, pl. 4, fig. 10. 
Stal, C. 1862. Hemiptera mexicana. Stettin. Ent. Zeit., 23: 459-460. 
1876. Enumeratio Hemipterorum. 5. Kongl. Svenska Vet.-Akad. Handl., 
14: No. 4, 141-147. 


Szabo-Patay, J. 1924. Sur la Morphologie et la Fonction de l’Appareil Res- 
piratoire des Aphelochirus. Ann. Mus. Nat. Hungarici, 21: 33-55, 15 figs. 


Usinger, R. L. 1938. The Naucoridae of the Philippine Islands. Phil. Jour- 
Sci., 64: 299-311, 4 figs. 


FESTSCHRIFT ZUM 60 GEBURTSTAGE VON PROFESSOR DR. EMBRIK 
STRAND. Five volumes (bound as six). 3438 pp., 98 plates, 687 text 
figures and 6 keys and tables. Vols. I, (1) 2—1936, Vols. 2 (2), 3—1937, 
Vol. 4, 1938, Vol. 5, 1939. 

This edition of five volumes is made up of 195 papers contributed by 126 
zoologists, entomologists and paleontologists from 25 countries and the five 
continents. Approximately 80 percent of the material is printed in German, 
papers in French, Italian and 18 in English making up most of the balance. 

The papers included are predominantly taxonomic, many new species, sub- 
species and varieties, as well as a number of new genera and subgenera being 
proposed. A number of species and some genera are named in honor of Dr. Strand. 
The 195 papers may be generally classified into: 12 reports of a general nature, 
3 of biography and necrologies, 3 on general natural philosophy, 3 on general 
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9 Mollusca, 1 Arthropoda, 4 Crustacea, 42 Arachnida, 1 Apterygota, 1 Odonata, 
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—— 


—— 


_— oe 





THE INTERCONVERSION OF FOODSTUFFS IN THE 
BLOWFLY (PHORMIA REGINA) DURING 
METAMORPHOSIS 


I. RESPIRATORY METABOLISM AND NITROGEN EXCRETION 


Frep A. Hitcucock and J. G. Haus, 


From the Departments of Physiology, and Zoology and Entomology, 
The Ohio State University, 
Columbus, Ohio 


The physiology of pupation is of importance not only from the 
comparative point of view but also from the standpoint of general 
physiology. The pupating insect is excellent material for the study of 
the transformation of foodstuffs, since in this process there is a com- 
plete reorganization of body tissues while the only exchange between 
the organism and its environment is gaseous. There have been a num- 
ber of studies on the subject, among which may be mentioned the work 
of Frew (1929), Taylor and Steinbach (1931), and Crescitelli (1935). 
Reviews of the older work are contained in the papers of Needham 
(1929, 1931) and Hoskins and Craig (1935). However the literature 
contains little or nothing on the common blowfly (Phormia regina). 

Since 1930 there has been in existence at The Ohio State University 
a pure-line culture of Phormia regina. The history of this culture and 
details in regard to food and method of rearing have been given by 
Miller et al. (1932) and by Haub and Miller (1932). From this culture 
it is possible to obtain an almost unlimited number of larvae with a 
variation in age not exceeding 2 hours. During the past two years we 
have been engaged in studying the respiratory metabolism and changes 
in body composition of this organism from the time that the larvae leave 
their food to their final emergence as adults. Our chief objective in this 
work has been to ascertain the nature and extent of the interconversion 
of organic nutrients during pupation and especially to determine 
whether there is a formation of carbohydrate from fat, a process which 
has been shown to take place in the germinating castor bean by the 
work of Murlin (1933), Daggs and Holcro-Wardlaw (1933), and Pierce, 
Shelton and Murlin (1933), but which many physiologists believe has 
not yet been definitely proved in animals. The results obtained are 
reported in this and the two succeeding papers. 


METHOD 


The study of respiratory metabolism was made by means of a 
modification of the open-circuit apparatus used at the Nutrition Lab- 
oratory of the Carnegie Institution in the study of the respiratory 
metabolism of small birds and mammals. A diagram of the apparatus 
is shown in Fig. 1. Outdoor air enters the apparatus at A and is forced 
through the system by the blower B. The rotometer C shows the rate 
of flow and makes possible rapid adjustments which prevent variations 
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in this rate. The water-bottle D saturates the air with water vapor 
before it enters the wet-test meter £. The air next passes through the 
respiration chamber F, which is immersed in a water bath of constant 
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Diagrammatic sketch of the apparatus used in the study of respiratory 
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temperature. On leaving the respiration chamber the air passes through 
absorbing bottles G. The first bottle contains a known amount of 0.1 N. 
H.SO, which absorbs the gaseous ammonia given off by the organisms. 
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The second bottle is filled with CaCl, for the purpose of drying the air 
before it is collected in the spirometers H and H.’ A T-tube in the 
system makes possible the collection of an aliquot part of the air, the 
remainder passing through a second wet-test meter J after having been 
saturated with water vapor. The air in the spirometers is collected dry 
over mineral oil as a precaution against changes in composition. The 
outgoing air can be shifted from one spirometer to the other by turning 
the stopcock K. In the same way the air can be shifted from one set of 
absorbing bottles to the other by turning the stopcock M. This arrange- 
ment makes possible the running of consecutive tests without the loss 
of any air. Samples of the air from the spirometers were analyzed by 
means of the Carpenter modification of the Haldane air analysis 
apparatus. (Carpenter 1933). The air analysis apparatus was frequently 
tested by determination of the composition of outdoor air and by 
alcohol checks. 

Within a few hours after leaving their food 700 larvae were counted, 
weighed, and placed in the respiration chamber, which had previously 
been loosely filled with cotton gauze to provide resting places for them 
during the process of pupation. In the early experiments every 6 or 8 
hours, two or three consecutive determinations were run, each of 30 
minutes to 1 hour duration. In the final experiment, however, deter- 
minations were run continuously, varying in length from 1 to 6 hours, 
the longer periods being used in the middle of pupation when the rate 
of oxygen consumption was extremely low. In all, six satisfactory 
studies were made. In all essential points there is excellent agreement 
in the results obtained in all of these studies, but since the last two 
experiments were in some respects more complete than the others, the 
results obtained in these have been chosen for detailed discussion. The 
total number of insects used was more than 4000. Since practically all 
earlier studies were made by micro-apparatus, this is the first time that 
data such as these have been based on large numbers of individuals. 
The percentage of emergence varied from 95 to 98 per cent. 


RESULTS AND DISCUSSION 


The results obtained in the final two experiments are shown graph- 
ically in Fig. 2. It will be noted that the curves are U-shaped since the 
oxygen consumption fell off rapidly with the beginning of pupation, 
reached its minimum a little before the middle of pupation, then rose, 
leveled off shortly before emergence, and finally rose sharply after 
emergence was completed. Similar U-shaped curves showing the oxygen 
consumption during pupation of other species of insects have been 
reported by Krogh (1914), Bodine and Orr (1925), Frew (1929), Taylor 
and Steinbach (1931), Crescitelli (1935) and others. The experiment 
the results of which are shown by the continuous line was run at 30° C. 
Duplicate determinations of oxygen consumption and carbon dioxide 
production were run at intervals of 6 hours. All of these points have 
been plotted and a smoothed curve drawn through them. The lower 
curve (broken line) represents results obtained at a temperature of 23° C. 
In this experiment determinations were run continuously and the curve 
has not been smoothed. We believe that the irregularities in this curve 
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represent actual changes in the oxygen consumption of the organism 
which are the result of slight variations in the metabolic processes taking 
place. The lower temperature resulted in lengthening the process of 
pupation nearly 60 per cent and therefore while our points on this curve 
are 6 hours apart, just as they are in the curve at 30° C., the intervals 
between points represent a smaller percentage of the total duration of 
pupation, and the result is the same as though we had run an experiment 
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Fig. 2. Graph showing the oxygen consumption at 30° and 23° C. of the blowfly 
(Phormia regina) during metamorphosis. 

at 30° C. with intervals between determinations of 31% to 4 hours. If 

this were done, the curve at the higher temperature would probably 

show the same degree of irregularity as that of the curve at 23° C. 
While the duration of pupation is noticeably increased by lowering 

the temperature, we have no evidence that the total energy requirement 

of the process is altered. Thus at 30° C. we find that the total oxygen 


consumption per 100 gm. of larvae is 10.88 liters, while at 23° C. the 


figure obtained was 10.94, a variation of 0.6 per cent which is well 
within the experimental error of the method. This is contrary to the 
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findings of Crescitelli (1935), who reported a minimum oxygen con- 
sumption for the pupation of Galleria mellonella at 30° C. with increases 
both above and below this temperature. However since we have used 
only two temperatures, final conclusion on this point must await 
further work. 

Since the average weight of a larva of Phormia regina just before 
pupation is 64 mg., we have computed that one insect consumes 7 cc. 
of oxygen in the process of metamorphosis with the expenditure of 
about 32.1 gram-calories. 

Early in these experiments in consequence of bizarre results in the 
air analysis we were led to suspect the excretion of ammonia by these 
organisms. At the time we were collecting the air in spirometers over 
water instead of mineral oil, and were not using the absorbing bottles 
described in an earlier part of this paper. Tests of the water in the 
spirometers by Nessler’s solution gave positive results, showing that 
ammonia had been dissolved. We then modified the apparatus to the 
form already described. This made it possible for us to determine the 
amount of ammonia excreted, and since subsequent work showed that 
all the nitrogen excreted was given off in the form of gaseous ammonia, 
we were able to estimate accurately the protein metabolism. Our air 
analysis gave us both the oxygen consumption and the carbon dioxide 
production. We were therefore able to calculate the non-protein 
respiratory quotient. The amount of nitrogen excreted as ammonia 
during the final experiment is shown graphically in Fig. 3. It will be 
noted that the larvae before the onset of pupation give off ammonia in 
considerable quantities. The rate of excretion rises rapidly during 
pupation and reaches its maximum (5.18 mg. per 100 gm. per hour) 
shortly after pupation is completed. The nitrogen excretion, similar to 
the oxygen consumption, falls off rapidly after the secretion of the pupal 
case has been completed. Within six hours it has dropped to a value 
only about one-third as great as the maximum. In general, this decrease 
in nitrogen excretion parallels the decline in oxygen consumption. Even 
minor irregularities in the curves show a remarkable similarity. About 
the middle of the sixth day of the experiment there was a rise to 0.42 
mg. of nitrogen per hour. This rise occurred about 15 hours later than 
the increase in oxygen consumption. The nitrogen excretion then 
dropped off until by the middle of the seventh day of the experiment the 
minimum value (0.04 mg. per hour) was obtained. Shortly after this 
point emergence of the adults began. The nitrogen excretion rose 
slightly at this time, and when emergence was completed, a value 
slightly higher than 0.4 mg. per hour had been reached. It is note- 
worthy that while the first two-thirds of the curve of nitrogen excretion 
follows very closely the changing rate of oxygen consumption, the final 
rise in oxygen consumption is not accompanied by an increase in nitro- 
gen excretion of similar magnitude. This leads us to conclude that pro- 
tein metabolism plays a much more important part in the formation of 
the pupal case and the early stages of pupation than it does in the later 
phases of the process and the emergence of the adult. The explanation 
of this might well be the fact that during the secretion of the pupal case 
and the early stages of pupation there is a rapid breakdown of tissue 
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proteins, with the consequent excretion of ammonia, while the later 
stages of pupation are characterized by a building up of proteins from 
amino acids, which process would, of course, entail no loss of nitrogen. 
There is also the possibility that the flies upon emergence excrete 
nitrogen in some form other than ammonia, perhaps as solid urates. 
One source of error in these determinations must be taken into con- 
sideration. At the beginning of the experiment there was no ammonia 
in the respiration chamber; at the end it contained a considerable quan- 












































MG OF NITROGEN PER HOUR PER 100 GRAMS OF LARVAE 
°o - nw ~ Ww wv - S w w 
° n fo) ee Bn oO w oO a 
a eae | . T ] ] 
| | 
° | | | 
>a | t+ 
“ | 
| | 
LY | | 
> 1 
a 
4 a | 4 
0 | 
nv 
go tH —+ = 
oO | 
Ww i 
nw | 
4. | 
eee 
> ~N re 4 
r S | 
= Ae) 
> nomen 
oe | 
+ os 4 } 
ox | 
Cu | 
DN 
o S seinen 
ro) | | 
a | | 
a an 
6 | | 
v — 
| | | 
9 | | | | 
>, | | | 
7N -- t ; 4 hes 
iH ERGtNCd BEIGINWING | 1 
~N | | | 
S aiaeaal —}—__}—__+ + + a 
| ; | 
o_| | | 
Pry ph wal + + a —}———— 
= | | 
wd | 
rl i 
, ipeaeniealbeals dine 
| 
‘ oe ttt 
aden [ : 





Fig. 3. Graph showing the excretion of nitrogen in the form of ammonia by the 
blowfly (Phormia regina) during metamorphosis. 


tity. The total amount of ammonia collected in the absorbing bottles 
during the entire course of the experiment was equivalent to a little 
less than 193 mg. of nitrogen per 100 gm. of larvae. Analysis of the 
contents of the respiration chamber after the removal of the flies and 
pupal cases showed that on the same basis it contained about 67 mg. of 
nitrogen, or a little more than 33 per cent of the amount collected in the 
absorbing bottles. This nitrogen is chiefly in the form of ammonia which 
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is retained by the cotton gauze in the respiration chamber, although 
some of it may be due to fecal matter which is eliminated by the flies 
shortly after emergence. Since the air passing through the respiration 
chamber is saturated with water vapor, the gauze becomes wet and 
therefore readily absorbs ammonia. It is probable that the gauze 
absorbs practically all of this ammonia early in the experiment, for more 
than half of the ammonia collected in the absorbing bottles is produced 
by the time the pupal cases have been secreted. Possibly some of the 
ammonia which is collected in later stages of the experiment comes 
from the saturated gauze rather than from the organisms directly. 
Therefore if it were not for this source of error, the high points of the 
curve would be still higher and the low points lower, although it is 
unlikely that the general shape of the curve would be altered. 

As already stated, 100 gm. of larvae excrete during pupation about 
260 mg. of nitrogen in the form of ammonia (193 mg. absorbed by the 
sulphuric acid and 67 mg. remaining in the respiration chamber). We 

calculate therefore by use of the factor 6.25 that 100 gm. of larvae 
metabolize 1.62 gm. of protein in the process of pupation. Now the 
total oxygen consumption during this process is 10.940 liters and the 
total carbon dioxide production is 7.704 liters per 100 gms. The total 
R. Q. is therefore 0.704. The metabolism of 1.62 gm. of protein would 
account for the consumption of 1.550 liters of oxygen and the production 
of 1.253 liters of carbon dioxide. Subtracting these figures from the 
totals already given, we find that the non-protein oxygen is 9.390 liters 
and the non-protein carbon dioxide is 6.451 liters. The non-protein 
R. Q. is therefore 0.687. This indicates that in the process of pupation 
176 cc. of oxygen have been absorbed in excess of that required to 
produce all of the carbon dioxide excreted, even if we assume that fat 
was the sole fuel used. This oxygen would therefore be available for 
the conversion of oxygen-poor material, such as fatty acids, into oxygen- 
rich material, such as carbohydrates. With 176 cc. of oxygen 538.6 mg. 
of dextrose could be produced from 281.6 mg. of palmatic acid. 

Further light on this point may be obtained from consideration of 
the respiratory quotients given on the curve of oxygen consumption for 
the experiment carried out at 23° C. (see Fig. 1). The small figures 
written in opposite each point on this curve are the total respiratory 
quotients. It will be noted that they range between 0.74 and 0.63. 
The two portions of the curve in which the lowest quotients occur are 
immediately following the completion of pupation and just before the 
marked rise in oxygen consumption which occurred toward the end of 
the fifth day of the experiment. If we interpret these low quotients as 
indicative of the conversion of fat to carbohydrate, we must conclude 
that this process is taking place most rapidly at these two stages of 
pupation. Furthermore a study of the quotients in connection with the 
curve of oxygen consumption shows that there are six points on the 
curve where a drop in the quotient is associated with a rise in oxygen 
consumption. This fact would seem to indicate that the increased 
oxygen consumption is due to the use of oxygen in the conversion of 
oxygen-poor material into oxygen-rich material, for if the additional 
oxygen were used in oxidative processes, there would be an increase in 
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carbon dioxide output and the quotient would not change materially. 
In the early part of pupation since the protein metabolism is high, we 
might conclude that amino acids were the source of the carbohydrates 
produced, but since by the end of the fourth day of the experiment the 
nitrogen excretion has dropped to an extremely low figure from which 
it rises only slightly, it would seem more logical to conclude that at this 
stage of pupation whatever carbohydrate is produced must be formed 
from fats. 

If we use the constants which are commonly accepted in the calcula- 
tion of mammalian metabolism, we can compute that 100 gm. of larvae 
in the process of metamorphosis require a total of 50.31 calories. Of 
this amount 7.18 calories are produced by protein metabolism while 
43.18 calories are produced by the oxidation of fat. This fat may be 
oxidized directly or may first be transformed into other substances, 
conceivably carbohydrates, which are then in turn oxidized. The protein 
therefore furnishes about 14.2 per cent of the total calories required 
for metamorphosis. This is a figure remarkably close to that obtained 
in most experiments on fasting mammals. 

We recognize the difficulties in drawing conclusions from the 
respiratory quotient as to the nature of the metabolic processes taking 
place. The respiratory quotient is, of course, the result of the sum of 
different processes taking place simultaneously and therefore various 
factors may be concerned in alterations of its value. It might be 
argued, for instance, that the low quotients found in this work are the 
result of the incomplete oxidation of fat. We believe, however, partic- 
ularly in the light of the results reported in the two succeeding papers, 
that the quotients below 0.7 are the result of the synthesis of carbo- 
hydrate from some oxygen-poor substance, probably fats. Furthermore, 
the alternating high and low quotients seem to indicate that the syn- 
thesis and oxidation of carbohydrates are taking place simultaneously, 
the variations in the quotients being due to a temporary predominance 
of one of these processes over the other. 


SUMMARY 


The respiratory metabolism and nitrogen excretion of Phormia 
regina have been determined from the time the larvae leave their food 
until the adults emerge from the pupal cases. The results justify the 
following conclusions: 

1. The oxygen consumption follows in general the U-shaped curve 
which has been reported by various investigators in studies on other 
species of insects. 

2. The total respiratory quotient for the entire process of meta- 
morphosis is 0.704 and the non-protein quotient 0.687. 

3. Gaseous ammonia is excreted by both larvae and pupae. This 
excretion reaches its maximum about the time that pupation is com- 
plete and then drops rapidly, following in general the curve of oxygen 
consumption for the first third of the process but failing to rise with the 
oxygen consumption as the insects prepare to emerge. 
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1. The total energy requirement for the transformation of 100 gm. 
of larvae into adult flies is 50.31 calories; 14.17 per cent of this total is 
furnished by the metabolism of protein. 

5. There is evidence of carbohydrate synthesis during pupation. 
In the early stages the source of this carbohydrate may be protein, but 
it seems likely that the carbohydrate produced in the last half of pupa- 
tion comes from fat. 

6. One larva in the process of metamorphosis consumes about 7 cc. 
of oxygen with the expenditure of 32.12 gram-calories. 
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In a system such as the pupating insect the interconversion of 
foodstuffs can perhaps be best studied by comparison of the bodily 
composition of the organism at various stages of its metamorphosis. 
In our work we have attacked this problem in two ways; first, by calcu- 
lation of the composition from the combustion respiratory quotient as 
determined in the oxycalorimeter; and second, by conventional chemical 
analysis. The results obtained by the first of these methods are reported 
in this paper. 


APPARATUS 


The oxycalorimeter, as originally described by Benedict and Fox 
(1925), measured only oxygen consumed in the combustion of the 
material tested. Several modifications of this apparatus have been 
described which make it possible to measure carbon dioxide as well as 
oxygen. Notable among these may be mentioned that of Daggs and 
Holcro-Wardlaw (1933). In all modifications described previously the 
carbon dioxide has been determined by weighing the absorbing bottles. 
This is a tedious process and has the disadvantage that the oxygen is 
determined volumetrically and the carbon dioxide gravimetrically. 
Many investigators in this field believe that respiratory quotients 
determined in this way are likely to be inaccurate. 

The modification of the oxycalorimeter which we have used, though 
simple and easily operated, determined both oxygen and carbon dioxide 
volumetrically. A diagrammatic sketch of it is shown in Fig. 1. It 
consists of a combustion chamber, motor driven blower, and spirometer 
arranged in a closed circuit. The carbon dioxide absorber, which con- 
sists of a four liter bottle about half filled with a 20 per cent solution of 
potassium hydroxide, is on a shunt connected to the main line by two 
two-way valves. In operating the apparatus, the sample to be tested is 
dried, placed in the nickel crucible and weighed. The crucible is then 
placed in the combustion chamber, the system closed, the spirometer 
filled to about two-thirds capacity with oxygen, the gas circulated 
through the potassium hydroxide to absorb any carbon dioxide it may 
contain, and the system tested for leaks. This is done by running the 
blower for several minutes with a weight of about ten grams on the 
spirometer and noting any change in its level. The two-way valves are 
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then turned in such a position that the current of air passing through 
the apparatus does not enter the carbon dioxide absorber. The motor 
blower is started, the level of the spirometer recorded, and the sample 
to be tested is ignited. In this way the carbon dioxide is allowed to 
accumulate in the system while the sample is burning. When combus- 
tion is completed the temperature of the spirometer is allowed to return 
to its initial level and a second reading of the spirometer level taken. 
The two-way valves are then turned so that the gas in the system is 
forced through the carbon dioxide absorber and the motor blower is 


OXYCALORIMETER MODIFIED FOR DETERMINING 


RESPIRATORY QUOTIENTS 





SPIROMETER 


ABSORPTION OF CO, 


Fig. 1. Diagrammatic sketch of the oxycalorimeter modified for the measurement of 
both oxygen absorbed and carbon dioxide produced. For explanation see text. 


started. The circulation is continued until all of the carbon dioxide has 
been absorbed. A third reading of the spirometer level is then taken. 
The oxygen consumed is calculated by subtracting the final reading 
from the initial reading and multiplying by the spirometer constant. 
The carbon dioxide is equal to the difference between the final reading 
and the second reading multiplied by the spirometer constant. By 
observing the ordinary precautions necessary in the operation of such 
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apparatus very accurate results can be obté uned. In Table I we have 
given results obtained when pure dextrose, fatty acid, and casein were 
burned in the combustion chamber. With the casein the nitrogen is set 
free as a gas and remains in the system. Its volume must therefore be 
subtracted from both the secon¢ and third spirometer readings in order 
that the correct values may be obtained. The results agree very well 
with the theoretical values. The reliability of the apparatus has further 
been proved by a series of determinations run on common foods by 
McKay and Patton. Their data are as yet unpublished, but the results 
agree within 2 or 3 per cent with values obtained from food tables and 
by conventional chemical analysis. 


TABLE | 


RESULTS OBTAINED WHEN DEXTROSE, STEARIC ACID AND CASEIN WERE BURNED 
IN THE OXYCALORIMETER 


SUBSTANCI O2 CoNSUMED R.O THEORETICAL PERCENT 
& . 

BURNED PER GRAM CC. . 0 RQ ERROR 

Dex Ss 722.7 99 746.2 1.00 3.2 
746.1 99 0.0 

730.8 1.00 2.1 

Stearic Acid 2080.8 70 2050.7 69 +1.5 
Casein 912.2 S4 956.9 81 4.7 
925.8 85 5.3 

910.6 85 4.8 


RESULTS AND DISCUSSION 


In the blowfly laboratory, cultures are maintained at a temperature 
of approximately 28° C. At this temperature the larvae pupate about 
24 hours after leaving their food and the adults eme rge sometime during 
the fifth day after pupation. Samples of the organisms were prepared 
for burning in the oxycalorimeter at 24 hour intervals during the entire 
process of metamorphosis. Thus the first sample consisted of larvae 
after they had finished feeding, samples 2 to 5 inclusive of pupae at 
24 hour intervals, and sample 6 of adult flies after they had emerged 
from the pupal cases. In addition to these, samples of pupal cases were 
also prepared and burned. Each sample had a dry weight of from 1 to 
1144 gm., and therefore contained the bodies of about 125 organisms. 
Four complete sets of samples were burned in the oxycalorimeter. Since 
the most satisfactory quantity for a determination is approximately 
14 gm., duplicate or triplicate determinations could be made on all 
samples. Only when duplicate determinations agreed within 5 per cent 
were the determinations considered satisfactory. In most cases the 
agreement was within 2 per cent. The results obtained are listed in 
Table II. It will be noted that there is considerable variation in the 
results of the different experiments. Aside from the inaccuracies of the 
method, there are at least two reasons for this. In the first place, there 
is undoubtedly a great deal of variation even among individuals of the 
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TABLE II 


THE PERCENTAGE COMPOSITION OF THE BLOW FLY (PHORMIA REGINA) AT VARIOUS 
STAGES IN ITs METAMORPHOSIS AS DETERMINED BY THE OXYCALORIMETER 


Exp. CC. O2 | PERCENT PERCENT PERCENT 
No. Per GM. | N.P.R.Q Protein | Carso- Fat | Torar 


| 
HYDRATE 


LARVAE 1 1084.8 71 64.0 | 0.5 


| ) 20.5 | 85.0 
| 2 1280.2 76 56.8 15.0 28.0 | 99.8 
3 | 1255.9 72 «| 58.0 | 3.5 30.9 | 92.4 
$ | 1207.4 81 | 57.5 | 26.2 19.8 | 103.5 
Avg. | 1207.0 | a oe } 113 24.9 | 95.3 
| | | | a 
| | | 1 
ist Day 1 | 1178.1 78 | (63.2 | 5.6 | 194 | 98.2 
PUPAE 2 1242.8 76 62.2 | 13.0 24.2 | 99.4 
3 1257.8 | 8 | 613 | 365 | 15.8 | 113.6 
4 1225.5 | 2 60.6 a7.2 18.2 | 106.5 
| | 
| 
Avg. 1226.1 | so | 61.8 | 232 | 19.4 | 104.4 
} 
2nd Day 1 1185.0 78 63.9 | 16.1 | 19.2 | 99.2 
| | | | ~» 
PUPAE 2 | 1259.8 73 «| 64.8) | SS | mS | @a 
3 1265.5 68 | 62.3 | 0.0 30.6 | 92.9 
| 1 | 1248.4 os | #80 | ws | mes 109.8 
| 
Avg. | 1239.7 76 62.9 13.2 23.6 100.0 
3rd Day 1 | 1204.9 76 63.6 | 11.8 22.7 98.1 
PUPAE | 2 1248.7 74 62.5 8.1 26.3 96.9 
3 1185.9 76 63.4 | 11.5 21.4 96.3 
4 | 1307.7 78 60.1 20.5 25.5 106.1 
Avg. 1236.8 | 76 | 62.4 | 13.0 23.9 | 99.3 
| | | 1 
4th Day 1 } 1127.9 | 86 64.5 30.0 | 10.3 104.8 
PUPAE | 2 |} 1156.8 77 | 64.3 12.6 | 19.0 95.9 
3 | 1113.8 80 64.8 | 168 | 149 | 96.5 
' | 1276.8 81 | 63.0 | 26.4 20.0 | 109.4 
} } | 
Avg. 1168.8 | 81 | 64.1 21.5 16.1 | 101.7 
| ail ; 
IMAGOS 1 1052.6 94 72.8 28.2 | 3.0 104.0 
2 1139.5 78 73.2 1.4 | 14.1 98.6 
3 | 1115.2 83 82.3 13.0 7.4 | 102.7 
4 1202.5 80 72.4 | 17.2 15.3 104.9 
| Avg. 1127.5 84 75.2 | 17.5 10.0 | 102.7 
PUPAL 3 981.0 1.24 72.9 | 41.8 0.0 
CASES 4 1172.8 1.18 79.3 34.2 0.0 


Avg. 1076.9 1.21 76.1 | 38.0 0.0 114.1 


same age in the same culture. This type of variation has been reported 
by Frew (1929) for another species of blowfly. The variation is even more 
marked when individuals from different cultures are compared. The 
cause of this variation is not fully understood although presumably it is 
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nutritional in its essential nature. In the second place, the samples in 
various experiments were unavoidably of slightly different ages, which 
undoubtedly accounts for much of the variation. We believe that the 
most accurate picture of the changing composition is obtained by using 
averages of all the experiments performed. On the basis of these 
averages we have computed the total weight of each of the various con- 
stituents making up the solids of the organisms. These figures are 
recorded in Table III. It should be pointed out before going farther 
that calculations of composition based on non-protein combustion quo- 
tients distinguish merely oxygen-rich from oxygen-poor substances. It 
seems justifiable to assume that the oxygen-rich substances are chiefly 
carbohydrates and the oxygen-poor substances are fats; however we 
have chosen the more conservative ground and designated them merely 
as oxygen-rich and oxygen-poor substances. Total nitrogen of each 
sample burned in the oxycalorimeter was determined by the Kjeldahl 
method. The figures for protein given in the tables were obtained by 
multiplying the total nitrogen by 6.2: 


TABLE III 


THE WEIGHT IN GRAMS OF ToTaL SOLIDS, PROTEINS, FATS AND CARBOHYDRATES, 
CONTAINED IN 100 GRAMS OF BLOWLFY LARVAE, AND IN THE PUPAE AND ADULTS 
DEVELOPING FROM 100 GRAMS OF LARVAE. CALCULATIONS MADE FROM 
THE RESULTS OBTAINED WITH THE OXYCALORIMETER 








| | 
| Totat SoLips PROTEINS |CARBOHYDRATES Fats 
| | | 
LARVAE chee 28.50 16.84 3.22 | 7.10 
Ist Day ; | 24.17 | 14.94 5.61 4.69 
2nd Day 24.46 15.39 3.23 5.77 
-UPAE 5 
PUPA 3rd Day | 24.43 15.24 3.18 | 5.84 
4th Day.. , 23.19 14.86 4.99 | 3.73 
ADULTS bs | 15.67 | 11.40 2.65 | 1.57 
PUPAL CASES | 4.22 | 3.21 1.60 0.00 


The essential conclusions of the investigation can be obtained by 
consideration of the figures in Table III. It will be noted that the 
larvae contain approximately 3.22 gm. of oxygen-rich material and 
7.1 gm. of oxygen-poor material. The oxygen-poor material decreases 
slowly during the entire course of development. The rate of disappear- 
ance of this substance is most rapid at the beginning and the end of 
metamorphosis. This corresponds to the periods of high metabolic rate. 
On the other hand, the oxygen-rich material first increases, then 
decreases, reaching a minimum shortly after the middle of pupation. 
There is then a second rise in the total quantity of this substance with 
a slight decrease after emergence. We may conclude from these data 
that some oxygen-rich substance, probably carbohydrate in nature, is 
synthesized during the early stages of pupation; part of the substance 
thus synthesized is then used by the organism as fuel, and when the 
concentration has reached a low point, synthesis again occurs, so that 
the emerging insect has a relatively high content of this oxygen-rich 
substance. 
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It is probable that the pupal case of the insect consists largely of 
gluco-proteins, such as chitin; therefore the oxygen-rich substance of 
the pupal case is probably in chemical combination with the proteins 
and it would seem likely that a portion of this oxygen-rich substance 
synthesized in the early stages of pupation is used in the formation of 
the pupal case. 

During the first day of pupation the oxygen-rich substance increases 
from 3.22 gm. to 5.61 gm. This means that 2.39 gm. have been syn- 
thesized. During the last day of pupation there is a second increase in 
this substance of 1.81 gm. Therefore the total amount synthesized is 
the sum of these two figures or 4.20 gm. Now if we assume that this 
substance is carbohydrate in nature, we can compute that about 1.33 
gm. could have been synthesized from protein, since a total of 2.23 gm. 
of protein have disappeared during the process of pupation and about 
60 per cent of this could be changed into carbohydrate. Similarly, if 
we assume that the oxygen-poor substance is fatty in nature, we com- 
pute that the glycerol portion of the fat metabolized would be capable 
of producing 0.55 gm. of carbohydrate (10 per cent of 5.53 gm.). There- 
fore the total amount of carbohydrate that could possibly be produced 
from protein and the glycerol portion of the fat would be 1.89 gm. 
Since we have already computed that 4.20 gm. of carbohydrate was 
synthesized, there is left a residue of 2.31 gm. which must have been 
synthesized from fatty acids. This figure really represents a minimum 
estimate of the carbohydrate coming from fatty acids. Since we have 
every reason to believe that even while this substance is being syn- 
thesized it is also being continually oxidized, we would seem justified in 
concluding that the total amount produced is considerably in excess of 
the figures given in the preceding discussion. 


SUMMARY 


A modification of the Benedict-Fox oxycalorimeter which determines 
volumetrically both oxygen consumed and carbon dioxide produced 
is described. 

By means of non-protein combustion quotients determined by 
burning in this apparatus dried samples of larvae, pupae and adult 
blowflies, the changing composition of this organism during metamor- 
phosis has been calculated. These calculations show that during the 
metamorphosis of 100 gm. of larvae not less than 4.20 gm. of oxygen- 
rich material, probably carbohydrate, is synthesized. The maximum 
amount of carbohydrate that could be synthesized from the protein and 
the glycerol portion of the fat metabolized is 1.89 gm. This leaves a 
residue of 2.31 gm. which must have been synthesized from fatty acids. 
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THE INTERCONVERSION OF FOODSTUFFS IN THE 
BLOWFLY (PHORMIA REGINA) DURING 
METAMORPHOSIS 


III. CHEMICAL COMPOSITION OF LARVAE, PUPAE AND ADULTS 


J. G. Haus and Frep A. Hitcucock, 


From the Departments of Zoology and Entomology, and Physiology, 
The Ohio State University, 
Columbus, Ohio 


The chemical composition of pupating insects has been frequently 
studied ever since the time of Claude Bernard. The earlier work has 
been adequately reviewed by Needham (1931). Among the more recent 
investigations may be mentioned those of Ludwig (1932) and Crescitelli 
and Taylor (1935). Since the blowfly laboratory here at the Ohio State 
University is able to furnish almost unlimited amounts of material, the 
investigations of the changes in the chemical composition of Phormia 
regina which are reported in this paper have been carried out more 
completely and on a much larger scale than any previously reported. 
We have determined total water, ash, nitrogen, fats and carbohydrate 
(reducing substance) and non-protein nitrogen in the larvae, at 24 hour 
intervals during the four days of pupation, in the adults, and in the 
pupal cases, and have measured the rate of weight loss during pupation. 


METHOD 


Determinations were made on samples consisting of about 125 
individuals. The live weight of each sample was first determined and 
the sample then dried to constant weight in a vacuum oven at 95° C. 
Total fats were determined by extracting with ether for 18 hours. 
Nitrogen was determined by the Kjeldahl method. For the deter- 
mination of total reducing substance an aqueous extract of the dried 
sample was made by boiling with about 200 cc. of water for a half-hour. 
This was then filtered and made up to a volume of 250 cc. Fifty cc. of 
this extract were then acidified with 1 cc. of concentrated hydrochloric 
acid and hydrolized on a waterbath for 15 minutes. Total reducing 
substance was determined by the Munson and Walker modification of 
the Bertrand method, as described by Matthews (1930). The non- 
protein nitrogen was determined by adding trichloracetic acid to a por- 
tion of the previously prepared aqueous extract, filtering, and deter- 
mining the total nitrogen of the filtrate by the Kjeldahl method. Total 
ash was determined by heating in a muffle furnace at 600° C. for 24 hours. 


RESULTS AND DISCUSSION 


In Table I we have listed the percentage composition of this organism 
at the various stages in its metamorphosis. This table has been obtained 
by averaging the results of five different sets of analyses. The percentage 
of protein has been calculated by multiplying the total nitrogen by the 
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factor 6.25. This method fails to take into consideration the small 
percentage of non-protein nitrogen shown in the final column of the 
table. Since we had no evidence as to the form in which this non-protein 
nitrogen existed, it seemed the better policy to ignore it in the calcula- 
tions. It will be noted that in all samples except the pupal cases the 
total percentage never falls lower than 98.6 nor higher than 99.9. This 
indicates a quite satisfactory degree of accuracy, especially when we 
consider that the various determinations were made on different samples 
and that the nitrogen determinations were made by one collaborator 
while the reducing substance and the ether extracts were determined by 
the other without comparison of results until the work was completed. 

The discrepancy in the total percentages found in the analysis of the 
pupal cases is probably due to the fact that the proteins are in combina- 
tion with the reducing substance and by figuring the two separately we 
have introduced an error. However at the present time there is not 
enough known about the chemical nature of the substance making up 
this structure to make a more accurate calculation possible. Another 


TABLE I 


THE PERCENTAGE COMPOSITION OF THE BLOWFLY (PHORMIA REGINA) AS DETERMINED 
BY CHEMICAL ANALYsIS AT 24 Hour INTERVALS DURING METAMORPHOSIS 


Reducing| | Non- 
Ether | Bsa 
Water Protein Sub- | 2 mer Ash Total | Protein 
| Extract | - 
| stance | | | Nitrogen 
| 
LARVAE | 73.9 | 15.3 0.32 g9 | 1.22 99.6 | 0.50 
Ist Day. 71.0 17.2 1.62 7.8 | 1.04 98.6 | 
2nd Day 71.1 | 18.1 1.10 | 7.8 | 1.090 | 99.2 
2U > E ? | | | 
sie 3rd Day | 72.0 18.3 0.85 60 | 1.04 | 99.1 | 0.60 
4th Day 71.9 18.3 0.77 6.8 1.16 | 98.9 | 0.77 
ADULTS 73.9 16.9 2.98 | 5.2 0.99 99.9 | 0.38 
. 2 0.54 


PUPAL CASES || 37.8 58.3 12.74 1.62 | 112.2 


ite 


factor which makes accurate analysis of the pupal cases difficult is the 
extreme variability in their moisture content. The pupal cases contain 
relatively little water and they have a tendency to dry out rapidly after 
the emergence of the flies. 

The larvae and the adults have exactly the same percentage of water 
while the pupae contain from 2 to 3 per cent less moisture. This fact 
can be explained by the presence of the relatively dry pupal case. The 
percentage of protein, on the other hand, is slightly higher in the pupae 
than in either the larvae or the adults. This again is due to the lower 
percentage of water in the pupae. 

The changes in the percentage of reducing substance, however, can 
be explained only on the assumption that carbohydrate is being syn- 
thesized as well as oxidized. Apparently there are two periods, one near 
the beginning and one near the end of pupation, during which there is an 
abundant production of reducing substance in the organism. The steady 
decrease in the percentage of ether-soluble substances would seem to 
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indicate that fat is the chief source of energy during metamorphosis. 
The small increase in the percentage of non-protein nitrogen is only 
slightly greater than can be accounted for on the basis of a constant 
quantity in an organism which is decreasing in total weight. 

In Table II the changes in live weight which occur during the process 
of metamorphosis have been listed. By multiplying these figures by the 
percentages given in Table I we have calculated the total weight in 
grams of the proteins, reducing substance, ether extract, ash and 
non-protein nitrogen found at the various stages of pupation. This 
table shows that 100 gm. of larvae produce 61.2 gm. of flies while the 
pupal cases shed, weigh 6.2 gm. Thus the total loss in weight during 
pupation is 32.6 per cent. The decrease in total solids is about a fifth 


TABLE II 


THE CHANGES IN LIVE WEIGHT AND THE TOTAL GRAMS OF THE VARIOUS 
CONSTITUENTS IN THE BLOWFLY (PHORMIA REGINA) AT 24 Hour 
INTERVALS DURING METAMORPHOSIS 





| 
| | Reducing | 


| | 
; . . | Non- 
| Live hese | Protein Sub- Bther Ash Protein 
| Weight Solids | Extract | at 
| | stance | Nitrogen 
: | } | | 
LARVAE | 100.0 | 26.1 15.3 0.32 8.9 | 1.22 | 0.50 
Ist Day. 82.5 23.9 14.2 1.34 6.4 | 0.86 
: > 2nd Day 78.9 | 22.8 14.3 0.87 6.2 0.86 | 
PUPAE 3rd Day 77.8 | 218 | 14.2 0.66 54 | O81 | 0.47 
4th Day 75.3 | 21.2 13.8 0.58 5.1 0.87 0.58 
ADULTS 61.2 15.4 10.3 1.82 3.2 0.61 0.23 
PUPAL CASES 6.2 | 4.0 3.6 0.78 0.1 0.10 | 0.03 
BALANCE 32.6 6.7 1.5° +2.28 5.6 0.51 | +0.08* 


Note: The balance is obtained by adding to the content of the adult that of 
the pupal case and subtracting from the corresponding figure for the larvae. In 
cases marked * the value for the fourth day of pupation is subtracted from the 
larvae as this is considered the more accurate. In the case of the reducing sub- 
stance while the balance given is +2.28 there was a decrease between the first 
and the fourth days of pupation amounting to 0.76 grams. Therefore the total 
increase in reducing substance is really 2.28 +0.76 or 3.04 grams. 


of this loss, the other four-fifths, of course, being water. The loss in 
protein is 1.5 gm. if we consider all of the nitrogen in the organism to be 
protein nitrogen. This is slightly lower than the figure obtained on the 
basis of the ammonia excreted as given in the first paper of this series. 
The difference (0.1 gm.) is probably accounted for by the high degree of 
variability found in this organism. The ether-soluble portion decreases 
5.6 gm., which is about 80 per cent of the total solids lost. As already 
mentioned, this would indicate that fat is the chief fuel used in 
metamorphosis. 

The changes in the quantity of reducing substance present at the 
various stages of metamorphosis are very interesting. During the first 
day of pupation there is an increase of more than 300 per cent, while 
the end of pupation is also characterized by a rapid increase in total 
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reducing substances. This corroborates the evidence presented in the 
two preceding papers and therefore there seems to be no doubt that 
carbohydrate is rapidly synthesized at the beginning and end of pupa- 
tion. The existence of respiratory quotients well below 0.7 invariably 
found at these stages, the marked increase in oxygen-rich substances, as 
shown by the rise in combustion quotients obtained with the oxy- 
calorimeter, together with the increasing amounts of reducing substance 
seem to be indisputable proof of the synthesis of carbohydrates. Since 
the total quantity of reducing substance present diminished constantly 
from the first to the fourth day of pupation we may conclude that 
during this period there is considerable oxidation of carbohydrates. 

In the metamorphosis of 100 gm. of larvae, 1.02 gm. of carbohydrates 
are synthesized during the first day while during the final stages of the 
process 2.02 gm. are produced. Consequently the total amount of 
carbohydrate synthesized is 3.04 gm. As shown in Table II the total 
amount of protein metabolized is 1.50 gm. It must be noted, however, 
that there is a small increase in the non-protein nitrogen during pupation. 
This is scarcely larger than the experimental error, but assuming it to be 
a real increase it can be explained by assuming that some of the nitrogen 
resulting from the breakdown of protein is retained inside the pupal 
case rather than excreted as ammonia. We can estimate the amount of 
protein involved by multiplying the increase in non-protein nitrogen by 
6.25. This gives us 0.5 gm. (.08X6.25). The total amount of protein 
metabolized is therefore 2.00 gm. The maximum amount of glucose 
that could be formed from this amount of protein is 1.20 gm. (0.6 2.00). 
The glycerol portion of the fat metabolized, if completely transformed 
into dextrose, would furnish 0.56 gm. The total amount of dextrose, 
therefore, that could be formed from the protein and glycerol portion of 
the fat is 1.76 gm. This leaves a residue of 1.28 gm. which must have 
been formed from fatty acids. The actual amount produced is probably 
much larger than this figure since in our calculations we have assumed 
that the maximum amount of protein (60 per cent) was changed into 
carbohydrate and that during the time that the carbohydrate was being 
synthesized none of it was oxidized. Both of these assumptions are 
highly improbable. A more reasonable assumption would be that the 
reducing substance found in the pupal cases is synthesized from protein. 
The fact that there is a large amount of ammonia excreted by the 
organism at the time when the pupal case is being secreted would make 
this assumption not improbable. If this is true, the amount of carbo- 
hydrate produced from protein would be 0.78 gm. instead of 1.20. It 
would also seem much more likely that the oxidation of carbohydrates 
takes place continually and that during the beginning and end of pupa- 
tion the oxidative process is masked by the extremely rapid synthesis 
of this substance. It is therefore not unlikely that the total amount of 
carbohydrate synthesized from fatty acids is considerably in excess of 
the figure arrived at in the above calculations. 

From Table II it is possible to calculate the number of grams of 
each of the organic nutrients metabolized by the organisms during the 
process of pupation. We may then calculate the oxygen consumption 
and carbon dioxide production from a theoretical standpoint. Thus in 
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the case of protein we see that 1.5 gm. is metabolized. Assuming that 
60 per cent of this is converted into carbohydrate there would remain 
0.6 gm. available for oxidation. This would require 574 cc. of oxygen 
with the production of 464 cc. of carbon dioxide. In the case of the 
carbohydrates we can calculate that 0.76 gm. was oxidized while 3.04 
gm. were synthesized. The oxidation of 0.76 gm. of carbohydrate would 
consume 567 cc. of oxygen with a production of the same amount of 
CO,. Subtracting from the 3.04 gm. synthesized the 0.9 gm. which, as 
has just been pointed out, can be accounted for as coming from protein, 
we have left 2.14 gm. which must have been produced at the expense of 
fat. (In these calculations we have ignored the slight increase in non- 
protein nitrogen). We may assume that the production of 1 gm. of 
carbohydrate from fat requires 326 cc. of oxygen with the consumption 
of 0.53 gm. of fat. Therefore the synthesis of 2.14 gm. of carbohydrate 
would cause the consumption of 698 cc. of oxygen at the same time 
using up 1.13 gm. of fat. If we subtract this amount from the total fat 
metabolized (5.6 gm.), we have left 4.47 gm. that were available for 
oxidation. This would require 8,999 cc. of oxygen with the production 
of 6,397 cc. of carbon dioxide. If we now total these figures, we find 
that the total oxygen consumption was 10,838 cc., while the total carbon 
dioxide production was 7,428. This gives us a total R. Q. of 0.685. If 
we calculate the non-protein oxygen, we find it to be 10,264 cc., while 
the non-protein carbon dioxide is 6,964 cc. This gives us a non-protein 
R. Q. of 0.678. These figures agree remarkably well with the values 
obtained from the direct measurement of oxygen consumption and 
carbon dioxide production as reported in the first paper of this series. 
The oxygen consumption is less than 1 per cent lower than the figures 
actually obtained by experiment. The respiratory quotients are slightly 
lower than those obtained experimentally. However the agreement is 
better than could be expected from two methods of such diverse nature. 

From Table II we may also compute in a similar manner the theoret- 
ical oxygen consumption and carbon dioxide production for each day of 
metamorphosis. When this is done we find that during the first 24 hours, 
5,142.7 cc. of oxygen were consumed, the R. Q. for this day being 0.71. 
During the second day the oxygen consumption dropped to its minimum 
value (753.3 cc.) while the R. Q. rose to 0.85. On the third day the 
oxygen consumption was 1,767.3 cc. and the R. Q. 0.74. On the fourth 
day it dropped to 1,046.5 cc. while the R. Q. rose slightly (0.76). On 
the final day the oxygen consumption rose to 2,128 cc. while the R. Q. 
dropped to the extremely low figure of 0.5. Here the agreement with 
the experimental figures reported in the paper on respiratory metab- 
olism is not nearly so good, although if these figures were plotted the 
result would be a U-shaped curve. The chief discrepancy lies in a 
considerably wider range of the R. Q. and in a much higher value for the 
oxygen consumption of the initial day of metamorphosis. We feel, 
however, that the agreement obtained by the three methods used in 
investigating the problem is sufficiently good to indicate a high degree 
of reliability in the results obtained and we therefore feel justified in 
concluding definitely that during the metamorphosis of Phormia regina 
there is a considerable quantity of carbohydrate synthesized from 
fatty acids. 
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SUMMARY 


The percentage composition of the blowfly (Phormia regina) has 
been determined by chemical analysis at intervals of 24 hours during 
metamorphosis. From the results it has been calculated that when 100 
gm. of maggots develop into 61.2 gm. of flies, 1.5 gm. of protein and 
5.6 gm. of fat are metabolized. There is a synthesis of at least 3.04 gm. 
of carbohydrate, 1.28 gm. of which must have been formed from fatty 
acids. The theoretical oxygen consumption for the entire process is 
10.84 liters and the R. Q. 0.685. The non-protein R. Q. is 0.678. The 
agreement with figures obtained by measurement of the respiratory 
processes of this organism previously reported is quite satisfactory. 
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INSECTOS DO BRASIL, by Costa Lima. Vol. II. Hemipteros, (Chapter 
XXII), 351 pages, figs. 219-446. 1940. Published by the Imprensa Nacional 
of Rio de Janeiro, Brazil, as Série Diddtica, N. 3, for the Escota NACIONAL 
DE AGRONOMIA. Paper bound. 

The second volume of this extensive outline of the insects of Brazil, deals 
solely with the Heteroptera or true bugs. (See Annals, vol. XXXII, page 10, 
1939.) It opens with twenty pages on anatomy, postembryonic development 
and the economic importance of the group. Then follows a seven page key to the 
families and a bibliography of fourteen pages. Under each superfamily or family 
is a key to the subfamilies. Two pages out of three carry good illustrations (in 
general acknowledged copies from the literature), which in many cases are well 
redrawn. The zinc etchings are good, but the southern engravers or printers 
or both are not yet masters of the art of half-tone work. From the excellence 
of the paper used and the clear, beautiful print the difficulty is probably not with 
the printers. 

From the nature of the work and the fact that it is the Teaching Series of the 
National School of Agriculture, we see it is a text for entomological students in 
advanced tropical work. It gives the student a framework of neotropical ento- 
mology in which all subsequent studies in this field can be arranged. 

We hope the project can go steadily on to completion. It is a worthwhile 
effort.—C. H. K. 








THREE NEW DUFOUREINE BEES FROM CALIFORNIA 
(HYMENOPTERA, APOIDEA) 


P. H. TIMBERLAKE 


The types of the new bees described herewith are in 
the collection of the Citrus Experiment Station, Riverside, 
California. 


Mimulapis versatilis rufiventris n. subsp. 


Agreeing with MM. versatilis Bridwell in structure, but 
strikingly different in the red color of abdomen. Having had 
this for some years I had supposed it to be a distinct species, as 
I had no material of versatilis for comparison. On June 14, 
1939, Dr. E. Gorton Linsley secured one male of versatilis in 
Tahquitz Valley, Mt. San Jacinto, after a prolonged search. 
This, I believe, is the first specimen captured since Bridwell 
collected the type series in Tahquitz and Round Valleys in the 
last half of July, 1912. Comparison of my material with the 
Linsley specimen revealed only slight differences except in color. 


Female-—Head and thorax very dark green or blue-green, the 
clypeus black. (Color in versatilis blue, or blue-black, with no green 
tints). Legs brownish black. Flagellum dark reddish-brown on outer 
side except at base. Mandibles reddish on apical half. Tegulae broadly 
dark reddish-brown behind. Wing dusky, the venation blackish. 
Abdomen dark ferruginous, the basal half of tergite 1 largely dark 
except at apex. One or two of the following ventrites sometimes suffused 
with blackish across the middle, or having a more definite interrupted 
dark fascia. Depressed apical margin of tergites testaceous, but not 
strongly contrasting. Pubescence not much different from versatilis, 
but the numerous stiff erect hairs on tergites 4 and 5 are more or less 
blackish and sides of tergite 6 have abundant fuscous hair. Tuft of fine 
dense hair in middle of apical margin of tergite 5 bright fulvous. 
Pygidium of tergite 6 (usually concealed) triangular, sharply margined 
laterally and with a median carinate ridge. Length, about 6-8 mm.; 
anterior wing, 4.3-4.6 mm. 

M ale.—Agreeing with the female in coloration. A dark spot present 
on each side of tergite 2. Venter either almost entirely ferruginous, or 
the first three segments strongly suffused with black. One paratype 
(Gen. Grant National Park) has the basal part of tergites, except the 
last two, strongly blackened, but a modicum of the red color is preserved. 
Otherwise closely agreeing with versatilis. The following characters, 
although shared with versatilis, deserve notice: Tuft of short dense 
plumose white hair at base of mandibles, elongate, reaching from the 
outer base to apex of the inner basal carina, and nearly one-third as 
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long as the mandible. Depressed white hair between clypeus and base 
of antennae forming a transverse band, interrupted in middle. Sides of 
ventrite 4 strongly swollen, with a triangular tooth on the inner margin 
of the protuberance, directed basad. Length, 7-9 mm.; anterior wing, 
4.5-5 mm.! 


Holotype female, allotype, and two female, one male, para- 
types, collected at General Grant National Park, California, at 
flowers of Mimulus montioides, June 28, 1929 (Timberlake). 
Additional paratypes as follows: One female, one male, Tujunga 
Wash, Los Angeles County, on Mimulus fremontii, April 17, 
1927 (Timberlake); one female, Yosemite Valley, above Vernal 
Falls, on Penstemon laetus, June 27, 1926 (Timberlake); two 
females, Summit Lake, Mt. Lassen, 6,700 ft., July 21-22, 
1937 (F. X. Williams); one male, Sand Flat, 5,500 ft., June 9, 
1930 (D. W. Clancy); and one male, Laurel Meadow, 8,500 ft., 
Mono County, August 13, 1936 (F. R. Platt). 


Dufourea (Dufourea) viridis n. sp. 


Closely allied to D. leachi Timb. from Mendocino County, 
but the male differs in having the sixth ventrite broadly sub- 
truncate at apex, instead of acutely produced in middle, and 
the fine plicae of basal area fewer and much less irregular. 

The female of this species has been known to me for years, 
but the male eluded capture until the spring of 1939. 


Male.—Head, thorax and abdomen dark green, or in one paratype 
blue-green. Antennae, legs and tegulae black, or nearly so, the hind 
femora in front slightly tinged with green. Spurs pale yellow-testaceous. 
Mandibles reddened at apex. Depressed apical margin of tergites whitish 
or pale brownish-testaceous. Wings dusky, the stigma and veins very 
dark brown. In form, structure, sculpture and pubescence closely 
paralleling /eachi except as follows: Punctures of head and mesonotum 
slightly finer and denser, those of tergites rather sparse. The fine 
longitudinal plicae of basal area of propodeum, fewer, becoming closer 
at the middle, but hardly irregular and not producing a rugulose effect. 
Ventrite 6 broadly rounded at apex and subtruncate in middle. Gen- 
italia of the same form as in leachi, with the cardo large and bulbous and 
sagittae little elevated at base. Apical lobe of stipes about as slender as 
in leachi, but not laminate (thinly strap-like in /eachi), and tapering 
from the middle to produce a slight angle on inner inferior margin. 
Apical laminate plates of sagittae much broader than in leachi and as 
seen from the side not greatly longer than wide. Length, about 5.5 
mm.; anterior wing, 4.5 mm. 

1The Linsley specimen of versatilis is 9 mm. long, anterior wing, 5.5 mm., 
thus confirming Bridwell’s measurements and indicating that versatilis has a 
slightly longer wing than in rujfiventris. 
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Female.—Head, thorax and abdomen dark green. Mandibles, 
labrum and clypeus black, the mandibles reddened at apex. Antennae 
black, the flagellum somewhat reddened except at base and above. 
Legs black, the spurs pale rufo-testaceous. Tegulae broadly brown 
apically, blackish at base. Wings very dusky. Stigma and veins dark 
reddish-brown, the subcosta blackish. Depressed margin of tergites 
testaceous, subhyaline. Form robust. Head distinctly broader than 
long and as broad as thorax. Inner orbits scarcely converging below. 
Spurs of middle and hind tibiae long, slender, straight. Clypeus rather 
depressed, closely punctured except apically, the punctures rather coarse 
compared to those of frons. Frons, vertex and mesonotum minutely and 
densely punctured, the puncturation similar but sparser on lower sides 
of face, between antennae and on mesopleura. Basal area of propodeum 
short, crescentic, with moderately and variably close fine plicae. Ter- 
gites, except apical depression, with fine moderately close punctures, 
those of first tergite much sparser. Pygidial area of sixth tergite tri- 
angular, narrowed to a blunt point, and strongly ridged down the middle. 
Pubescence pale ochraceous, moderately long, that on face below 
antennae and on pleura and propodeum whitish and not very dense. 
Frons, vertex and mesonotum with fine, short, pale pubescence, not 
obscuring the surface and intermixed with much longer erect hairs, 
which are more or less tinged with brown or fuscous. Hair of abdomen 
rather short, depressed, thinly covering disks of tergites 4 and 5, sides 
and base of tergites 2 and 3, and more erect on sides of 1. Dense apical 
tuft of tergite 5 fulvous and hair at sides of 6 tinged with fulvous. Hair 
of legs rather dense and pale, longer and white on femora, especially hind 
pair. Scopa of hind tibiae moderately dense, the hairs minutely 
plumose, those on dorsal margin rather short, recurved and ochraceous, 
and those on outer surface, especially toward lower margin, much 
longer, recurved and white. Length, 6-6.5 mm.; anterior wing, 
4.5-4.6 mm. 


Described from one male, five females, collected by the 
author at Riverside, California, the holotype male in a flower 
of Platystemon californicus, March 27, 1939, the allotype and 
paratype females all at flowers of Eschscholtzia californica, 
March 16 to April 30 in the years 1925, 1926 and 1929. Also 
two male paratypes collected three miles west of Perris, Cali- 
fornia, April 20, 1939, one flying over flowers of Platystemon, the 
other on Cryptantha intermedia. 

The maxillary and labial palpi of this species and D. leachi 
are very short in comparison with most Dufoureine bees. In 
the female of viridis the first joint of the maxillary palpus is 
about thrice as long as thick, the second joint twice as long as 
thick and the following four joints subequal, any two of them 
together being somewhat longer than the second. The three 
apical joints of labial palpus subequal, with the third slightly 
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shorter than the others, so that the third plus either the second 
or fourth equals the first. 


Dufourea (Halictoides) tularensis n. sp. 


This is closely allied to D. sandhouseae (Mich.), D. calien- 
tensis Timb. and D. malacothricis Timb. In the male the 
antennae are most similar to malacothricis, but are less thick- 
ened. The two basal joints of flagellum are not swollen as 
in sandhouseae and the middle joints are plainly broader than 
long. From sandhouseae it also differs in lacking the white 
tuft of hairs at base of mandibles. From malacothricis it 
differs in having the apical lobe of sixth ventrite smaller, more 
triangular and narrowly blunt at apex; and from all three of 
the other species it differs in having the punctures of the frons 
and mesoscutum much sparser in both sexes. 


Male.—Dark green, the anterior part of face blue. Mandibles, 
clypeus, antennae, tegulae and legs black. Mandibles dark red at apex. 
Flagellum dull orange-brown beneath and on outer side except toward 
base. Posterior disk of tegulae and small joints of tarsi rufescent. 
Depressed apical margin of tergites whitish subhyaline. Wings mod- 
erately dusky. Veins and stigma brown, the subcosta, outer margin of 
stigma (sometimes the stigma more or less entirely) and metacarpus 
blackish. Form as in allied species. Head somewhat wider than long, 
with inner orbits slightly converging below. Supraorbital line inter- 
secting anterior ocellus. Antennae nearly as in malacothricis, but 
flagellum slightly more tapering to base and apex. Joint 1 of flagellum 
about as long as wide and 2 a little longer than wide. Middle joints of 
flagellum much broader than long, as in malacothricis, but a little more 
crenulate on inner margin. Curled hairs on under side of flagellum 
numerous, becoming shorter but hardly denser on basal segments. 
Ventrite 4 with a small spicule-bearing tubercle on each side near apex. 
Ventrite 5 nearly transverse at apex. Median depression of ventrite 6 
with parallel sides. Apical lobe of ventrite 6 smaller than in malaco- 
thricis, longer than wide, triangular with the apex blunted. Legs as in 
allied species. Puncturation considerably sparser than in allied species, 
but an occasional specimen has punctures nearly as close as in malaco- 
thricis. Punctures of frons and vertex somewhat unequal, variably 
about one to three puncture-widths apart toward the sides and more or 
less sparser in the middle. Middle of frons sometimes with a large 
impunctate, or remotely punctured, area. Punctures behind the ocelli 
finer but distinct. Punctures of mesoscutum much finer than those of 
frons, moderately close around the margins and very remote on a large 
part of the disk. Scutellum closely punctured. Punctures of tergites 
sparse, becoming remote on first segment. Fine longitudinal plicae of 
basal area of propodeum considerably more separated than in malaco- 
thricis and generally not reaching margin. Whitish vestiture in general 
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similar to malacothricis but not quite as dense. Length, 5-6 mm.; 
anterior wing, 4 mm. : 

Female.—Similar to female of allied species, but easily distinguished 
from sandhouseae and calientensis by the much sparser puncturation of 
frons and mesoscutum. From malacothricis it is distinguishable by the 
almost uniform green color of head, thorax and abdomen (malacothricis 
has mesoscutum more or less bluish or purplish black on posterior part 
and the abdomen black), and generally by the sparser puncturation. 
Flagellum also much less brightly colored, with first four joints entirely 
dark, and the wings a little duskier. Length, 5-5.5 mm.; anterior wing, 
3.9-4.2 mm. 


Described from a series collected by the author at the 
Kaweah River, about three miles west of Three Rivers, Tulare 
County, California, April 1, 1939. Fourteen males and 9 
females, including holotype male and allotype, were at flowers 
of Phacelia douglasii. Additional paratypes (8 males, 42 
females) were at flowers of Eschscholtzia caespitosa, Malacothrix 
californica, Phacelia distans, Coreopsis sp. (one female) and 
Layia glandulosa (one male). 


THE MALE GENITALIA OF HYMENOPTERA, by R. E. SnopaGrass. 
Smithsonian Misc. Coll., Vol. 99, No. 14, pp. 1-86, 6 text figs. and 33 pls. 
1941. Paper bound. For sale by Superintendent of Documents, Wash- 
ington, D. C. 

This volume with a total of 643 figures reviews the genitalia of the 
Hymenoptera from the lowest sawflies to the social forms. Over thirty family 
and subfamily groups are considered. The many types of genitalia are so richly 
illustrated that the volume is a basic, comprehensive review of the subject. But 
what the origins of the parts are is another problem. To quote from the author's 
opening paragraph: 

“The facts concerning the ontogeny and the adult structure of the male genital 
organs are now sufficiently known to permit the tentative generalizations on the 
homology of the major parts from one order of insects to another. The phylo- 
genetic origin and evolution of the organs, however, is still obscure, and none of 
the theories that have been proposed as to the primitive nature and possible 
relation of the genital rudiments to pre-existing structures is consistent with all 
the facts that must be considered in an attempt to solve the problem.”’ 

All entomologists are glad to see Snodgrass gradually bringing order into 
the study of insect anatomy.—C. H. K. 
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OBSERVATIONS ON THE MORPHOLOGY OF THE CORN 
SEED BEETLE (AGONODERUS PALLIPES FAB., 
CARABIDAE)! 


Harry R. BRYSON AND GEORGE FRANKLIN DILLON, 


Kansas Agricultural Experiment Station? 


The writers became interested in the external morphological 
features of Agonoderus pallipes Fab. while conducting investiga- 
tions pertaining to the habits, ecology, and biology of the 
species at Manhattan, Kansas. Forbes (1905) presented an 
illustration of the adult which has been standard in the 
literature. 

It is the purpose of this paper to present illustrations of the 
four stages to serve as an aid in their identification as well as 
to present a detailed morphological study of the anatomy of 
this common and injurious ground beetle. The illustrations 
include detailed morphological features of both dorsal and 
ventral aspects of the head capsule and the ventral aspects of 
the thorax and abdomen of the adult. Drawings were made of 
the different stages, but only brief descriptions of the egg, 
larva, and pupa have been included in this presentation. 

Since this species often is found associated with Clivina 
impressifrons, a2 comparison was made of the burrowing front 
legs of the two species. Comparisons of the mandibles of 
Agonoderus pallipes Fab, with Calosoma scrutator Fab, and 
Harpalus caliginosus Fab have also been included since the 
structure and shape of the mandibles in each species are 
indicative of feeding habits. 


METHODS AND MATERIALS 


The beetles used in these investigations were collected from soil in 
a corn field and were prepared for study by boiling in KOH. The 
specimens were then bleached with a clearing solution to accentuate the 
sutures. The clearing solution was made from potassium chlorate and 
concentrated sulphuric acid. These two chemicals were mixed and 
after chlorine was liberated a small amount of alcohol was poured 
1Contribution No. 482, Department of Entomology. 

Submitted by the junior author in partial fulfillment of the requirements for 
the Master’s Degree and supported in part by funds from Hatch project No. 9. 
Acknowledgments are due Mr. Floyd B. Hanna, College photographer, who made 
the photographs of the plates and to Mr. Robert Cotton for the drawings of the 
pupa and the adult. 
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over the mixture. The beetles were then placed in the solution and 
allowed to stand a few hours. Only females were used. 

The eggs were dissected from gravid females because of the difficu!ties 
experienced in obtaining eggs deposited by females retained in captivity. 
Eggs obtained in the soil could not be identified accurately as those of 
A. pallipes. Young larvae were collected in the field and after they 
were found to be identical in external characteristics were divided into 
two lots. One lot was retained and reared to the adult stage while 
the other was preserved for morphological studies. Comparison in 
this manner of live full grown larvae with the preserved material insured 
accuracy of identification. 

Drawings were made from pupae obtained when the collected larvae 
were reared to adults. 


DISCUSSION 

Blatchley (1910) describes the adult (Plate II, fig. 5) as “oblong, 
convex, sometimes almost wholly pale; elytra with a wide, black stripe, 
divided by the suture; disk of the thorax often with a large dusky spot; 
head black; antennae dark reddish-brown, the basal joints and legs 
pale; thorax with hind margin and shallow basal impressions finely 
punctured, hind angles obtuse. Elytra with deep smooth striae; 
intervals convex, length, 5-6 mm.” 


MORPHOLOGY OF THE ADULT 


An examination of the dorsum of the head capsule (Plate I, fig. 1) 
shows that it is three times wider posteriorly than when measured 
across the labrum and is one-sixth longer than wide. The labrum is 
slightly wider than long with six anterior setae, the two outside setae 
are longer than the second pair which in turn are longer than the central 
pair. There are seven setae along each disto-lateral edge of the labrum. 
The clypeo-labral suture (CLS) is prominent, the anterior edge of the 
labrum is slightly convex and narrower than the clypeus. 

The anteclypeus (AC) is two and one-half times wider posteriorly 
than anteriorly and possesses two long setae latero-cephalad. Anterior 
mandibulate articulation (AMA) are prominent. The clypeal suture 
(CS) is also prominent, meeting the epistomal suture (ES) about one- 
sixth the distance from the lateral edges. 

The post clypeus and frons are about equal in length. Anterior 
tentorial pits (ATP) are prominent along the epistomal suture (ES) 
which reaches the oblique frontal fovae and are prolonged by fine 
canaliculations which reach the eyes. A sub-ocular suture is present. 
The eyes are prominent. 

Two prominent supra-orbital setae are present. The occipital suture 
(OCS) is about one-fourth the distance between the foramen magnum 
and the clypeal suture (CS) encircling the dorsal part of the head, ending 
ventrally and posteriorly to the submentum, (SM, Plate I, fig. 2) 
forming an internal ridge which strengthens the epicranial wall. 

The post occipital suture (POS) lies on the extreme posterior part of 
epicranium, closely surrounding the foramen magnum dorsally and 
laterally and fusing with the gular suture (GUS). 








1941] Bryson and Dillon: Corn Seed Beetle 45 


Posterior mandibular articulations (MA) are located distally and 
are prominently U-shaped. The submentum lies between the maxillary 
cardines, is fused with the gula (GU) with no intervening suture and is 
convex distally at the attachment to the mentum. 

The posterior tentorial pits (PTP) are located on the terminal ends 
of the gular suture and the juncture of the gula with the mentum. 

The gula, which lies proximal to the labium (Plate I, fig. 2) is nar- 
rowed at the distal end and widens at the middle until it is about 
one-third the width of the epicranium proximal to the occipital suture. 
This suture ends posteriorly to the submentum one-half the distance 
from the submentum to the foramen magnum. 


STRUCTURE OF THE MOUTH PARTS 


Labium.—The ligula (Plate I, fig. 3) lies between the labial palpi 
(pp), is elongated and distinctly dilated at the apex. The glossae (G) 
are fused, dilated at the tip and narrowed basally with a dentate apex 
bearing two distal setae. The paraglossae (PG) are divergent, slender, 
concave and narrowly rounded at their apices. 

The labial palpi (PP) are moderate in length, the second segment 
with two anterior and one posterior apical setae; third segment slender, 
gradually but obtusely pointed and not quite as long as the second 
while the first segment is short and elbowed. The palpiger (PAG) is 
club-shaped, dilated apically, and two-thirds as long as the second 
segment. Membranes between the palpal segments are distinct. 

Emargination of the mentum (M) is deep, somewhat and arcuate in 
the notch. Mentum is broadly parabolic, laterally convex, two times as 
wide as long, bears two long setae near the notch and the basal edge is 
concave. The submentum (SM, fig. 3) is apically convex, obliquely 
truncate, lies between the maxillary cardines, fused with the gula and 
bears four long setae which are paired equidistant from the edges, the 
lateral setae being shorter than the mesal ones. 

Maxilla.—The lacinia (LAC, Plate I, fig. 4) is strongly falciform 
with the inner surfaces coarsely fringed. The galea (G) is longer than 
the subgalea (SBG), slender gradually pointed at the tip and arcuate. 
The subgalea is distended apically and slightly shorter than the galea. 
The maxillary palpus (PP) is four segmented, stout and gradually 
pointed distally; second segment is slightly arcuate; third segment 
distended apically and shorter than the second and the fourth; the 
fourth tapers apically and is set with short setae. 

The stipes (STP) is twice as long as wide, nearly as long as the 
lacinia and with a pair of setae laterally. The cardines (CD) are at 
right angles to the stipes, roundly elbowed with the articulating surface 
pointing posteriorly. 

Mandibles.—(Plate I, fig. 5) are stout, about 1 mm. in length, 
slightly decussating and with a heavy fringe posterior to the molars. 
The incisor (IN) portion of the mandibles are prominent and ridged 
while the molars (MO) are distinct about one-fourth the distance from 
the base. Anterior and posterior mandibular articulations (MDA) are 
prominent. 
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DESCRIPTION OF THORAX 


Prothorax.—The prothorax (Plate I, fig. 6) is two-fifths wider than 
long with the widest part slightly anterior to the middle. The tergum 
is strongly reflexed, with rounded sides becoming oblique and straight 
posteriorly. The truncate apex is slightly wider than the base which is 
subprominently convex. Both the apex and the base have obtuse angles. 

The prosternum (PS) is strongly arcuate, anteriorly. The proepister- 
num (PES) is strongly convex laterally, oblique mesally along the 
proepisternum and slightly wider anterior to the middle with the coxal 
cavities (CC) closed behind. The proepimeron (PEM) is triangular and 
lies posterior to the coxae. 

Mesothorax.—This division of the thorax (Plate I, fig. 7) is twice as 
wide as long and has a concave anterior margin. The mesoepisternum 
(MES) is almost trapezoidal and meets the mesoepimeron at an oblique 
angle. The mesoepimeron (MEM) is a narrow sclerite lying posteriorly 
to the mesoepisternum and does not reach the coxal cavities. The latter 
characteristic is one that is used to distinguish the sub-family, Harpa- 
linae, to which this beetle belongs, from the other sub-families in the 
family Carabidae. The mesosternum (MS) which is triangular in shape 
lies between the mesoepisterni and the posterior edge which enclose 
the coxa (CC). 

Metathorax.—The metathorax (Plate I, fig. 7) is twice as wide as 
long. The anterior margin of the division of the thorax contains the 


EXPLANATION OF PLATE I 


Fig. 1. Dorsal aspect of head capsule. 

AC—anteclypeus; ANA—anterior mandibular articulation; ATP—anterior 
tentorial pit; CLS—clypeolabral suture; CS—clypeal suture; ES—epistomal 
suture; OCS—occipital suture; POS—post occipital suture. 

Fig. 2. Ventral aspect of head capsule. 

GU—gula; GUS—gular suture; MA—mandibular articulation; OCS—occipital 

suture; PTP—posterior tentorial pit; SM—submentum. 
Fig. 3. Labium. 

G—glossae; M—mentum; PG—paraglossa; PAG—palpiger; PP—labial palpus; 
PTP—tentorial pit; SM—submentum. 

Fig. 4. Maxilla. 

AC—articulation; CD—cardo; G—galea; LAC—lacinia; PP—maxillary palpus; 
SBG—subgalea; STP—stipes. 

Fig. 5. Mandibles of Agonoderus pallipes Fab. 
IN—incisors; MDA—mandibular articulation; MO—molars. 
Fig. 6. Ventral aspect of prothorax. 
CC—coxal cavity; PEM—proepimeron; PES—proepisternum; PS—prosternum 
Fig. 7. Ventral aspect of meso- and metathorax. 
ANC—antecoxal pieces; CC—coxal cavity; MEN—mesoepimeron; MES—meso- 
episternum; MS—mesosternum; METEM—metaepisternum; METS—metasternum. 
Fig. 8. Ventral aspect of abdomen. 
EPE—epipleura of elytron; S—seta. 
Fig. 9. Mandibles of Calosoma scrutator Fab. 
IN— incisors; MA—mandibular articulation; MO—molar. 
Fig. 10. Mandibles of Harpalus caliginosus Fab. 
IN—incisors; MA—mandibles; MO—molars. 

Fig. 11. Front leg of Agonocerus pallipes Fab. 
CO—coxa; FE—femur; TB—tibia; TAR—tarsus; TR—trochanter. 
Fig. 12. Front leg of Clivina impressifrons Fab. 
CO—coxa; FE—femur; TB—tibia; TAR—tarsus; TR—trochanter. 
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posterior half of the coxa. The metaepisternum (METES) is about 
twice as long as the widest part which comprises the anterior half. 

The metaepimeron (METEM) runs posteriorly dorsal to the posterior 
half of the metaepisternum and makes a right angled turn to end 
posteriorly to the metaepisternum. The antecoxal pieces (ANC) are 
prominent and triangular. 


ABDOMEN 


The abdomen (Plate I, fig. 8) consists of six segments, the first one 
divided by the hind coxae and the antecoxal pieces which are formed by 
a vertical suture which crosses the transverse thoracic suture at right 
angles. Each of the six abdominal segments bears pubiferous punctures. 
The last segment bears four apical setae (S) and the apex is lobiform 
medially. The epipleura of the elytron (EPE) extends posteriorly to 
the fifth abdominal segment. 


COMPARISON OF MANDIBLES 


A comparison was made of the structure of the mandibles of A. 
pallipes Fab. (Plate I, fig. 5) Calosoma scrutator Fab. (fig. 9) and Har- 
palus caliginosus, Fab. (fig. 10). The three species differ considerably in 
their feeding habits. Agonoderus pallipes is usually considered a veg- 
etable feeder although the beetles proved cannibalistic when kept in 
close confinement. The mandibles of this species are intermediate 
between the long slender incisor type mandible of Calosoma scrutator 
and the blunt, short, and stout mandible of Harpalus caliginosus. 

The mandibles of the strictly carnivorous species C. scrutator are 
long, slender, and are about three times longer than wide. The molar 
portion of the mandible lies well toward the back with a heavy fringe 
running from the base toward the tip about two-thirds the length of 
the mandible. 

The mandibles of H. caliginosus Fab. have short incisors and prom- 
inent molar areas for grinding and crushing. The structure of the man- 
dibles would indicate that the beetle feeds primarily upon vegetable 
matter. The mandibles are short, stout and three-fourths as wide as long. 

Plate I, fig. 5, shows the mandibles of A. pallipes, a beetle that is 
both a carnivore and a vegetarian. The mandibles are shorter in propor- 
tion to their widths than those of C. scrutator but longer in proportion to 
the width than are the mandibles of H. caliginosus. The incisors are 
prominent but heavier than those of Calosoma scrutator. The molars are 
small as compared with the molars on the mandibles of H. caliginosus, 
yet they possess a proportionately larger grinding surface than those of 
C. scrutator. A fringe posterior to the molars is present. 


COMPARISON OF LEGS 


The legs of A. pallipes (Plate I, fig. 11) and Clivina impressifrons 
(Plate I, fig. 12) are both of fossorial type. These two species are often 
found working in the same habitat although, in Kansas, A. pallipes is 
always more abundant. The leg of A. pallipes is longer than that of C. 
impressifrons and is better adapted for running. The tibia in the front 
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EXPLANATION OF PLATE II 
Fig. 1—Egg. Fig. 2—Full grown larva. Fig. 3—Pupa-ventral aspect. 


Fig. 4—Pupa-lateral aspect. 


Fig. 5—Adult-dorsal aspect. 
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legs of both species is specialized for digging in the soil as indicated by 
the broadened spatula like digging organ. The tibia of Clivina is better 
adapted for this purpose than that of A. pallipes. 


IMMATURE STAGES 


Egg.—The eggs (Plate II, fig. 1) are pearly white oval in shape and 
about 1 mm. long by .6 mm. wide; apparently they exhibit no distin- 
guishing characteristics such as impressions from the egg tube upon 
the chorion. 

Larva.—The larva of A. pallipes (Plate II, fig. 2) is small usually 
not more than 15 mm. in length when full grown. The head and thorax 
are yellowish brown in color while the abdomen is almost vhite. Setae 
are conspicuous over the entire sclerotized areas of the body. The body 
consists of a prominent head, thorax, and nine segmented abdomen. 
The mandibles are prominent but do not decussate. 

Pupa.—The pupa (Plate II, figs. 3 and 4) is about 4 mm. in length 
by 1.5 mm. in width across the thorax. It is pearly white in color when 
first transformed from the larval stage. Later the pupa becomes 
yellowish white. Two eye spots are prominently black, with the wing 
pads and legs conspicuous. The mandibles are yellowish brown and 
show prominently on the head. 


SUMMARY 


1. A detailed morphological description of the adult is 
presented for investigators interested in the structure of ground 
beetles. 

2. A comparison of the mandibles of Agonoderus pallipes 
Fab., Calosoma scrutator, and Iarpalus caliginosus show that 
A. pallipes possesses mandibles intermediate in structure 
between those of C. scrutator and H. caliginosus. 

3. The structure of the front leg of A. pallipes would indicate 
that it is not as well adapted for digging in the soil as that of 
Clivina which is often associated with the former in the same 
habitat. 

4. The egg, larva, and pupa have been described briefly and 
drawn to aid field workers in the identification of the immature 
stages in the field. 
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A COMPARATIVE MORPHOLOGICAL STUDY OF THE 
NERVOUS SYSTEM OF THE ORTHOPTERA 
AND RELATED ORDERS’ 


HERBERT H. J. NESBITT, 
Department of Biology, 
University of Toronto 


The following investigation of the nervous system of 
Orthopteroid insects was originally planned to include both 
gross anatomical dissections and a finer examination of the 
neurohistological elements of representative species of the 
principal families of the order. The original purpose of the 
study was that it should be an introduction to the correlation 
of neurological structure and behaviour in invertebrate animals, 
that is, to establish a neurological basis for behaviour. So far 
only the first part of the plan has been carried out and that 
only in skeleton form. Histological preparations have been 
made but these have been used only to aid and correct the 
findings from gross dissection. 

The nervous system of insects can be conveniently divided 
into four anatomical divisions: (i) the ‘“‘brain’’ proper, or 
supra-oesophageal (supra-stomodaeal) ganglion; (ii) the ventral 
ganglionic chain, composed of: (a) the suboesophageal (sub- 
stomodaeal) ganglion, (b) the thoracic ganglia, (c) the abdominal 

ganglia, a the ventral median nerve (sub-intestinal nervous 

system); (iii) the stomodaeal or stomatogastric nervous system; 
and (iv) the peripheral nervous system. Because it would 
necessitate microscopic preparations, almost exclusively, this 
last system will not be described. 

The writer wishes to express his appreciation and thanks to 
Professor E. M. Walker of the Department of Biology in the 
University of Toronto for his guiding assistance and criticism 
and to Professor E. H. Craigie of the same University for his 
help and guidance in matters of neurological technique. 


HISTORY 


Up to the present the nervous system of insects has not been the 
subject of much investigation. The majority of the large memoirs on 
the histology were published about the turn of the century. As, 





1This work was carried out with the aid of a Scholarship from the National 
Research Council of Canada, Ottawa. 
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however, it is not our purpose at this time to investigate the histology 
of the nervous system these papers will not be reviewed. If the reader 
is interested he may refer to Hanstrém’s treatise on this subject. 

In 1837 Newport described the ventral median nerve of Sphinx 
ligustri L. and called it the “super-added series.’”’ He believed it to be 
analogous with the vagus nerve of vertebrates because it formed a 
plexus with the abdominal nerves to supply the trachea. 

The early history of the work on the stomodaeal nervous system is 
complicated by the fact that some authors compared the median 
sub-intestinal nerves, others the stomodaeal nervous system, to the 
grand sympathetic of vertebrates. In the latter class is to be found 
the work of Meckel, Treviranus, and in particular that of J. Miller 
(1828) who wrote on the ‘‘Nervus Sympatheticus” of the mantid, mole 
cricket, cockroach, and phasmid. In the former, that of Blanchard 
(1858) who confused the nomenclature by trying to compare the ‘‘brides 
épiniéres” of Lyonet (1746) and the “‘super-added series’ of Newport to 
the grand sympathetic of vertebrates. Since this time various workers 
have called first one system then the other the “sympathetic nervous 
system of insects.” 

In 1900 Bordas published by far the most complete account of the 
stomatogastric or stomodaeal nervous system of the Orthoptera. To the 
writer’s knowledge it is the only paper of a comparative anatomical 
nature on this subject. Choosing a representative of each family he 
described and compared it with other typical forms. It might be 
mentioned that the method of illustrating the dorsal view of the 
stomatogastric nervous system used in the present paper was suggested 
by Bordas’ plates. (For a full account of the previous work on this 
system the reader is referred to this paper.) 

In 1926 Alexandrowicz described his technique for studying the 
nerves to the dorsal vessel and aorta in Periplaneta orientalis (L.) 
(Blatta orientalis L.). He shows how the heart is innervated by three 
sets of nerves: (i) two lateral nerves, (ii) ten pairs of segmental nerves, 
and (iii) the rami cardiaci dorsales. 

In the sixty-first article of a series of papers on the nervous system 
and sense organs of invertebrates Hilton (1937) figures the ventral 
nerve cords of some typical Orthoptera. He shows a mantid with five 
ventral ganglia. All the specimens of Mantis religiosa L. that the writer 
dissected had only four abdominal ganglia. A similar paper on the 
Isoptera (No. 65) followed later in 1937. 


MATERIALS 


The families represented and examined are as follows: 
Order Orthoptera. 
Family Tetligoniidae. 
Subfamily Conocephalinae—Conocephalus fasciatus De Geer. 
Family Rhaphidophoridae. 
Subfamily Rhaphidophorinae—Ceuthophilus brevipes Scudder. 
Family Gryllidae. 
Subfamily Gryllinae—Gryllus assimilis Fabr. 
Family Acrididae. 
Subfamily Cyrtocanthacrinae—Rhomalea one (Beauv.). 
Subfamily Oedipodinae—Dissosteira carolina (L.). 





1941] Nesbitt: Nervous System of Orthoptera 53 


Family Phasmatidae—Diapheromera femorata Say. 
Family Mantidae—Mantis religiosa L. 
Family Blattidae—Blaberus cranifer Burm. 
Order Isoptera. 
Family Termitidae. 
Subfamily Calotermitinae—Termopsis angusticollis Hagen. 
Order Dermaptera. 


Family Forficulidae. 
Subfamily Labidurinae—Anisolabis maritima (Géné). 


DESCRIPTIONS OF DISSECTIONS 
(1) THE SUPRA-OESOPHAGEAL GANGLION 


General Structure of the Orthopteran Brain 

The brain or supra-oesophageal ganglion varies in different groups 
but among the Orthoptera its form is quite generalized. The three 
primary divisions are plainly visible. The first and largest, the proto- 
cerebrum, bears the optic lobes as lateral extensions. In the majority 
of the forms studied these lie close under the ommatidia and are broadly 
joined to the protocerebral lobes. In others, however, owing either to 
the great width of the head-capsule or the relative smallness of the 
brain, they are drawn out into long stalks. 

The optic nerves ( Nervus opticus*), arising from the outer ends of 
the optic lobes are usually microscopic in size but in some forms they 
are much longer and grouped into fascicles. Arising likewise from the 
protocerebral lobes are the slender pedicles of the ocellary nerves ( Nervi 
ocellarii*) uniting the median and facial ocelli with the anterior face of 
the brain, and the nerves of the occipital ganglia (Nervi ganglii 
occi pitales*), 

Ventral to the protocerebrum the prominent deutocerebral lobes 
give rise to the large antennary nerves ( Nervus antennalis*), the acces- 
sory antennary nerves ( Nervus antennalis accessorius*) arising separately 
or in conjunction with the antennary nerves, and the tegumentary 
nerves ( Nervus tegumentalis*). 

Broadly joined to the deutocerebral lobes and leading imperceptibly 
into the circumoespohageal connectives, the tritocerebral lobes give 
rise to the labro-frontal nerves ( Vervus labro-frontalis*), and the trito- 
cerebral commissure. The labro-frontal nerves each divide into the 
pars frontalis and the pars labralis. 


Descriptions of the brains of selected forms 


The brain of Conocephalus (P1. I, figs. 1 and 2) presents few deviations 
from the plan of the typical Orthopteran brain. As the optic lobes 
(LO) lie immediately subadjacent to the ommatidia the optic nerves are 
microscopic in size. The three ocellar nerves (NOC), arranged as it 
were at the three corners of a triangle, emerge from the anterior face of 
the brain. The accessory antennary nerves (NAA), arising from a com- 
mon root in conjunction with the antennary nerves (NA), can be 
traced to the muscles of the antennae including those of its scape. 


*Snodgrass, 1935. 
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Taking their origin as usual from two common roots each labro-frontal 
nerve (NLF) splits into two branches. One, the pars labralis (PL), 
supplies the muscles and sensory endings of the labrum. The other, 
pars frontalis (PF), describes a short loop, less extensive than that 
found in Dissosteira (Pl. I, fig. 7) to end in the frontal ganglion. The 
tegumentary nerves (NT) arising from the base of the deutocerebrum 
pass dorsad behind the brain to supply the dorsal integument. The 
occipital nerves (NO) leave the posterior face of the brain close to the 
median line just above its division into the tritocerebral lobes. The 
circumoespohageal connectives (CC) are strongly incurved as they pass 
obliquely down to the suboesophageal ganglion. 

The supra-oesophageal ganglion of Ceuthophilus (P1. I, figs. 3 and 4) 
presents three notable differences from that of Conocephalus: (i) the 
more intimate fusion of the optic lobes with the protocerebrum, as a 
result of which the optic nerves (NOP) have been lengthened consid- 
erably and grouped into six or seven little fascicles; (11) the lack of ocellar 
nerves; and (iii) the origin of the accessory antennary nerves from the 
side, if not from the rear of the brain to curve about the deutocerebrum 
and leave with the antennary nerve. 

Gryllus (Pl. I, figs. 5 and 6) has a deeper and stockier shape than 
most of the types studied. The optic lobes placed immediately beneath 
the ommatidia communicate with the protocerebral lobes by narrow 
stalks. The ocellar nerves arise very close to the top of the brain, from 
its antero-superior face. In a frontal dissection the roots of the 
accessory antennary nerves may not be seen because they arise from the 
posterior sides of the bases of the antennary nerves. These latter are 
directed laterally and forward. The occipital nerves emerge from the 
lower third of the posterior face of the brain. The circumoesophageal 
connectives do not leave the back of the tritocerebrum as in both of 
the preceding species but rather are postero-ventral continuations of 
the back of the downwardly directed tritocerebral lobes. 

As the brains of Rhomalea (not figured) and Dissosteira (Pl. I, 
figs. 7 and 8) are so similar they may be described together. In both, 
the optic lobes underlie the ommatidia so closely that the optic nerves 
can not be seen in gross dissection. In the former they join the side 


EXPLANATION OF PLATE I 


Fig. 1. Conocephalus fasciatus De Geer, front view of the supra-oesophageal 
ganglion, X 20. 

Fig. 2. Conocephalus fasciatus De Geer, back view of the supra-oesophageal 
ganglion, X 20. 

Fig. 3. Ceuthophilus brevipes Scudder, front view of the supra-oesophageal 
ganglion, X 15. 

Fig. 4. Ceuthophilus brevipes Scudder, back view of the supra-oesophageal 
ganglion, X 15. 

Fig. 5. Gryllus assimilis Fabr., front view of the supra-oesophageal ganglion, 


xX 18. 

Fig. 6. Gryllus assimilis Fabr., back view of the supra-oesophageal ganglion, 
xX 18. 

Fig. 7. Dissosteira carolina (L.), front view of the supra-oesophageal ganglion, 
X 12. 


Fig. 8. Dissosteira carolina (L), back view of the supra-oesophageal ganglion, 
X 12, 
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of the protocerebrum by a wide stalk. In the latter they enter the 
posterior lateral angles of the brain by a globular-shaped structure. In 
both forms the antennary cellular mass of the deutocerebrum makes a 
noticeable bulge on the anterior face of the brain. From this the 
common root of the antennary and accessory antennary nerve arises 
and after a short course breaks into two nerves. The occipital nerves 
leave the tritocerebrum in Dissosteira near the cleft between the trito- 
cerebral lobes; in Rhomalea, well down on the inner faces of these lobes. 
The tritocerebral lobes also emit from their posterior faces the circum- 
oesophageal connectives, thick trunks, which give off the tritocerebral 
commissures and pass obliquely down to the suboesophageal ganglion. 

Diapheromera (P\. II, figs. 9 and 10) has a rather unusual looking 
supra-oesophageal ganglion. It is extremely wide in relation to the size 
of the main ganglionic mass and the cleft of separation between the 
two sides is very deep almost separating the deutocerebral lobes. As 
the optic lobes are intimately fused with the ommatidia their inner 
ends have been drawn out into thin elongated stalks. Assuming the 
hypognathous position to be the primitive one, the topographical rela- 
tion of the brain to the rest of the head in the phasmatid has been 
altered, as the dorso-ventral axis has been rotated through ninety 
degrees, so that the anterior face of the brain has come to be almost 
parallel to the dorsal surface of the head. There are no ocellar nerves. 
The accessory and antennary nerves arise in common from the sub- 
hemispherical deutocerebral lobes. Unlike the conditions found in any 
of the hypognathous insects the pars frontalis of the labro-frontal nerve 
does not describe an antero-ventral loop, but breaking from the labro- 
frontal root at almost right-angles, goes to join the large frontal ganglion. 
The pars labralis proceeds anteriorly to innervate the muscles of the 
labrum. Slightly after its emergence it gives off medially what appears 
to be a tenuous commissure to unite with its fellow of the opposite side. 
Farther forward it gives off a nerve laterally to pass down to the region 
of the anterior articulation of the mandible. On the posterior face 
(i. e., the ventral surface in this form) of the brain may be seen the 
tegumentary nerves, arising from the base of the deutocerebrum and 
branching extensively in the dorsal integument; the occipital nerves 
from the median sides of the deutocerebrum, and the circumoesophageal 
connectives, which leave the tritocerebrum at almost right-angles to 
join the suboesophageal ganglion. 

The brain of Mantis (PI. II, figs. 11 and 12) has many features in 
common with that of the phasmatid, its great width in relation to its 
size and the depth of the cleft between the opposing lobes. In all the 
other Orthoptera, the protocerebral, deutocerebral and the base of the 
tritocerebral lobes are intimately fused. In these two types, however, 
the protocerebral lobes are fused but the deutocerebral are only joined 
throughout a small dorsal portion of their median faces. The ocellary 
nerves leave the supero-anterior face of the protocerebrum and after 
a short course join the ocellary cups (lobes). The accessory antennary 
nerves arise from the lateral part of the deutocerebral lobes separate 
from the antennary nerves. The pars labralis of the labro-frontal nerve 
describes quite an extensive ventral loop before fusing with the frontal 
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ganglion. The tegumentary nerves arise from the base of the deuto- 
cerebrum near the middle line, and after a long course up the back of 
the brain with relatively few, if any, branches arborize under the dorsal 
integument. The occipital nerves emerge from the deutocerebrum at 
the apex of the cleft and quite close to the middle line. The circum- 
oesophageal connectives leave the posterior face of the tritocerebrum 
and follow a more ventral than posterior course to the suboesophageal 
ganglion. A short distance after their origin they are joined together 
by the tritocerebral commissure, which in this insect seems to be a 
simple commissure between the two connectives, not an extended loop 
free throughout most of its course as in Dissosteira. 

Differing but little from the hypothetical Orthopteran brain that of 
Blaberus (P1. II, figs. 13 and 14) presents no difficulties. The optic lobes 
are joined to the protocerebrum by a short stalk. From their outer 
margins eight fascicles arise to be distributed in a fan-like manner (in a 
single plane) to the ommatidia of the compound eyes. The accessory 
antennary nerves arise from the back of the deutocerebral lobes as do 
those of Gryllus (P1. I, fig. 6) or Ceuthophilus (P1. I, fig. 4). The occipital 
nerves leave the brain fairly close to the middle line on the ventral 
surface of the deutocerebrum, i. e., in the roof of the cleft through which 
the oseophagus passes. The tegumentary nerves arise from the base of 
the tritocerebrum and pass close behind the brain to fork and break 
into a fine arborization in the mandibular muscles. As far as could be 
determined, they do not supply the muscles but only the integument in 
the region of the frons and about the epicranial suture. The circum- 
oesophageal connectives appear to be but ventral extensions of the 
tritocerebrum and follow an oblique course across the oesophagus to 
end in the suboesophageal ganglion. 

The head of Termopsis (Pl. II, fig. 15) is even more prognathous 
than that of Diapheromera. In the soldier form, from which the figure 
is drawn, the true anterior face of the brain is parallel with the dorsal 
surface of the head. The optic lobes are so closely fused with the proto- 
cerebrum that it is difficult from gross dissection to say where the line 
of demarcation is. Proceeding laterally from the apical end of the 
optic lobes the true optic nerve (NOP) extends some distance to the 
vestigial eyes. The deutocerebral lobes are quite distinct and give 
rise to the combined antennary and accessory antennary nerves. 
Anterior to, and distinct from, the main mass of the brain, the trito- 
cerebral lobes are bent sharply on themselves at right angles. The 
labro-frontal nerves continue on the same plane as the rest of the brain 
but the circumoesophageal connectives descend with the main bulk of 
the tritocerebrum perpendicularly. Looked at from the side, it may 
readily be seen that if the head were to assume an hypognathous position 
the brain of the termite would be similar to, but not exactly like that of 
Ceuthophilus where the circumoesophageal connectives leave the trito- 
cerebrum and follow a horizontal course. The main difference between 
the two brains is that in the termite the occipital nerves leave the back 
(dorsal surface in the hypognathus position) of the protocerebrum, 
whereas, in the grasshopper they emerge from the base of the deuto- 
cerebrum. There was some suggestion of a tegumentary nerve but its 








58 Annals Entomological Society of America |Vol. XXXIV, 


presence could not be demonstrated clearly enough to determine its 
course definitely. 

The supra-oesophageal ganglion of A nisolabis (P1. II, figs. 16 and 17) 
is very similar to the termite brain, in that it lies in a horizontal position 
in a prognathous head. Not having microscopic preparations of this 
insect the writer does not know whether the band of tissue from the 
sides of the protocerebrum is an elongated optic lobe or a true optic 
nerve. The deutocerebrum ends anterolaterally in the combined 
antennary and accessory antennary nerve stalk; continuing anteriorly, 
the tritocerebrum ends in the common labro-frontal nerve. As in the 
termite the pars frontalis does not describe a loop after the manner of 
Dissosteira, but as in Conocephalus, turns mesad, immediately after it 
separates from the pars labralis to end in the frontal ganglion. Examined 
from above the main mass of the tritocerebrum appears to be on a 
lower plane than the rest of the brain, and directed toward the middle 
line. Looked at from the under surface (PI. II, fig. 17) the tritocerebrum 
tapers off into the ridge-like circumoesophageal connectives which curve 
downward, slightly backward and towards the middle line to the sub- 
oesophageal ganglion. A tegumentary nerve is present and arises from 
the base of the deutocerebrum. 


(11) THE VENTRAL GANGLIONIC CHAIN 
(a) The Suboesophageal Ganglion 


As the suboesophageal ganglion is composed of the united ganglia of 
the three primitive gnathal segments, it follows that, though fused, it 
will continue to supply the three segments bearing the mouthparts with 
sensory and motor nerves. This being the case there are three large 
pairs of nerves, the anterior to the mandibles, the middle to the max- 
illae, and the posterior to the labium. Other smaller nerves are present, 
sometimes arising separately, sometimes in conjunction with one of the 
larger. These supply the hypopharynx, the salivary ducts and the 
muscles of the neck. It is also believed that some innervate the dilator 
muscles of the pharynx. 


EXPLANATION OF PLATE II 

Fig. 9. Diapheromera femorata Say, front view of the supra-oesophageal ganglion, 
xX 24. 

Fig. 10. Diapheromera femorata Say, back view of the supra-oesophageal ganglion, 
XxX 24. 

Fig. 11. Mantis religiosa L., front view of the supra-oesophageal ganglion, X 10. 

Fig. 12. Mantis religiosa L., back view of the supra-oesophageal ganglion, X 10. 

Fig. 13. Blaberus cranifer Burm., front view of the supra-oesophageal ganglion, 
*« BE. 

Fig. 14. Blaberus cranifer Burm., back view of the supra-oesophageal ganglion, 
x 11. 

Fig. 15. Termopsis angusticollis Hag. dorsal view of the supra-oesophageal 
ganglion, X 40. 

Fig. 16. Anisolabis maritima Géné, dorsal view of the supra-oesophageal ganglion, 
X 35. 

Fig. 17. Anisolabis maritima Géné, ventral view of the supra-oesophageal ganglion, 
x 35. 

Figs. 18-20. (Not used.) 
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Description of the suboesophageal ganglia of selected forms 


The suboesophageal ganglion of Conocephalus (PI. III, fig. 21) is of 
a rather stocky shape. The circumoesophageal connectives (CC) pass 
in front of the body of the tentorium and between its anterior arms, to 
enter the suboesophageal ganglion from its antero-dorsal side. Just 
ventral to their point of entrance the large mandibular nerves (NM) 
emerge. Between their roots and in the same level the tenuous hypo- 
pharyngeal nerves (NH) arise to curve downward and back, then for 
ward to enter the hypopharynx. It might here be mentioned that in 
practically all the types examined the hypopharyngeal nerves run 

parallel throughout a greater part of their course in the middle line of the 
lenaiiciamer From the lateral bellies of the ganglion the flattened 
maxillary nerves (NM,) arise. Each is clearly divided into four parts. 
The most anterior fillet breaks away from the root and passes forward to 
innervate some of the basal maxillary musculature. The posterior 
three parts, more intimately fused, innervate the maxillary palps, the 
galea and lacinia, and other maxillary muscles. Behind the maxillary 
nerves and a little higher on the flanks of the ganglion, the two small 
nerves to the salivary ducts (NS) emerge. Posterior to these, the 
large labial nerves (NM2) arise and after a longish course, each gives 
off a small branch to the musculature of the labium and continues into 
the labial palp. The cervical nerves (NC) for the innervation of the 
neck muscles leave the ganglion above the maxillary. Dorsal to these 
and in the middle line, a single nerve (probably a fused pair) arises to 
innervate the region about the foramen magnum. The thoracic con- 
nectives leave the back of the ganglion in a position corresponding to 
the entrance of the circumoesophageal connectives. 

The suboesophageal ganglion of Ceuthophilus (P1. III, fig. 22) is 
ovoid in shape with a deep belly. From the anterior end the circum- 
oesophages il connectives pass upward through the deep notch in the 
tentorium. The three main pairs of nerves are arranged in a manner 
similar to that found in Conocephalus. The hypopharyngeal nerves leave 
the ganglion in the middle line between the bases of the stout forwardly 
directed mandibular nerves. Dorsal to the slight ridge from which the 
labial and maxillary nerves (from a single root) spring, a small nerve 
arises on each side to innervate the salivary ducts (NS). A pair of 
nerves to supply the neck muscles (NC) arises from the posterior end 
of the ganglion; another set placed very close together, comes off from 
the dorsal surface. The latter fibres could not be traced to their ultimate 
end, but inasmuch as nerves in this position and having a similar 
direction often supply the region about the foramen magnum, it is 
believed that these nerves probably serve a similar function. Dorsal to 
the nerves of the neck muscles, the first thoracic connectives leave to 
follow a dorsally arched course to the prothoracic ganglion. 

Gryllus (P1. III, fig. 23) has a suboesophageal ganglion which differs 
in but a few minor details from that of Ceuthophilus. The curvature of 
the belly of the ganglion is greater and thus appears to bring the cir- 
cumoesophageal and first thoracic connectives closer together. The 
pair of nerves to the neck muscles and the pair to the salivary ducts 
leave from the extreme posterior part of the ganglion. Apparently 
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because of some force akin to a forward migration of the ganglion, all 
the nerves on leaving curve about and pass backwards. Some of the 
suboesophageal ganglia in the other forms show this tendency, but in 
none is it so decided as in the cricket. 

Again, because of their similarity, the suboesophageal ganglia of 
Rhomalea (P\. III, fig. 24) and Dissosteira (Pl. III, fig. 25) may be 
described together. Both are ovoid in shape and slightly flattened on 
the dorsal side. The three main nerves and the hypopharyngeal remain 
quite constant as in the other types described. From the posterior 
ventral face in Dissosteira three pairs of fine tenuous nerves arise, the 
two ventral to supply the salivary ducts and the dorsal the neck muscles. 
A dorsal pair of extremely fine nerves arising just dorsal to the roots of 
the first thoracic connectives supplies the region of the foramen magnum. 
In Rhomalea the nerves of the salivary ducts leave the ganglion between 
the maxillary and the labial nerves by one root on each side. The nerves 
to the muscles of the neck and foramen magnum arise as three fine roots 
placed close together on each side, just below the first thoracic 
connectives. 

In keeping with the general shape of the head, the suboesophageal 
ganglion of Diapheromera (PI. III, fig. 26) is longer than in any of the 
other types of insects dissected. Externally it is longitudinally divided 
from top to bottom into three layers. At the front, the mandibular 
and hypopharyngeal nerves leave by a common stalk. The maxillary 
and labial follow close behind but from the anterior half of the ganglion. 
Behind the labial and arising like it from the more ventral of the two 
longitudinal grooves, the first of the nerves to the salivary ducts emerges. 
The second arises from a position slightly posterior and ventral to it. 
Following the longitudinal groove a little farther backward, the rel- 
atively large root of the nerve to the muscles of the neck may be seen. 
Because of the prognathous nature of the head, the first thoracic con- 
nectives do not curve dorsally to pass through the foramen magnum but 
rather leave the suboesophageal ganglion in the same plane. 

The ovoid suboesophageal ganglion of Mantis (Pl. III, fig. 27) 
presents few unusual characteristics. One of the most interesting of 
these is the fact that the circumoesophageal connectives having passed 
through the hole in the tentorium enter the ganglion in the centre of its 
dorsal surface. The nerves leaving to supply the mandibles, hypo- 
pharynx, and maxillae arise from the extreme anterior end of the 
ganglion. Slightly posterior and ventral to this conical mound of 
origin, but still anterior to the entrance of the circumoesophageal 
connectives the labial nerves emerge. At the extreme posterior end, 
just anterior to the origin of the first thoracic connectives a pair of 
nerves to supply the neck muscles arise dorsally and a pair to innervate 
the salivary ducts ventrally. 

Unlike the suboesophageal ganglion of any of the other Orthopteroid 
insects studied, which are fundamentally of an ovoid shape, that of 
Blaberus (P\. III, fig. 28) is conical with the apex directed downward. 
All the nerves but one small pair take their origin from the apex. The 
most anteriorly placed pair of nerve roots bifurcate to form the hypo- 
pharyngeal nerves directed forward, and the mandibular downward. 
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Occupying the central position and appearing by far the largest because 
of their flattened shape (in cross-section), the maxillary nerves give off 
first a nerve directed posteriorly to what appeared to be the muscles of 
the cardo; second, a nerve directed anteriorly to the muscles of the 
stipes; and continues as a large nerve which breaks up distally into two 
branches, one to the lacinia and galea, the other and larger branch, to 
the maxillary palp. Just dorsal to the maxillary, a small nerve leaves 
the ganglion to innervate the muscles of the neck. Except for a few 
small differences Newton’s description of Blatta orientalis L., (1887) 
agrees with that given above for Blaberus. The labial nerves arising 
posterior to those of the maxilla, present no peculiarities. The muscles 
about the foramen magnum are innervated by a small bifurcated nerve 
emerging from the dorso-posterior part of the ganglion. No nerve 
could be found innervating the salivary duct. 

The circumoesophageal connectives of Termopsis (Pl. III, fig. 29) 
descend through the small hole in the tentorium to enter the centre of 
the dorsal surface as in Mantis. The mandibular nerves arising from the 
anterior end bifurcate soon after leaving the ganglion. Between their 
rather swollen conical bases the tenuous hypopharyngeal nerves emerge 
and pass forward. The maxillary and labial nerves spring from the 
ventral surface of the ganlion. Small paired nerves to innervate the 
neck muscles and salivary ducts emerge near the origin of the first 
thoracic connectives. As in the case of Diapheromera, because of the 
prognathous nature of the head, the first thoracic connectives do not 
arch dorsally to leave the head capsule. 

The suboesophageal ganglion of Anisolabis (Pl. III, fig. 30) is conical 
with the apex tapering into the first thoracic connectives. The base of 
the cone, directed forward, is slightly concave and oval in shape. The 
circumoesophageal connectives enter from the dorsal side. Slightly 
below their point of entrance the stout mandibular nerves leave. 
Between these latter and in almost the bottom of the concave depression, 
the minute hypopharyngeal nerves emerge. The maxillary leave the 
ventro-lateral sides of the oval anterior face of the ganglion just above 


EXPLANATION OF PLATE III 


Fig. 21. Conocephalus fasciatus De Geer, lateral view of the suboesophageal 
ganglion, X 65. 

Fig. 22. Ceuthophilus brevipes Scudder, lateral view of the suboesophageal 
ganglion, X 58. 

Fig. 23. Gryllus assimilis Fabr., lateral view of the suboesophageal ganglion, 
Xx 40. 

Fig. 24. Rhomalea microptera(Beauv.,) lateral view of the suboesophageal ganglion, 
Xx 25. 

Fig. 25. Dissosteira carolina (L.), lateral view of the suboesophageal ganglion, 
x 30. 

Fig. 26. Diapheromera femorata Say, lateral view of the suboesophageal ganglion, 
x 45. 

Fig. 27. Mantis religiosa L., lateral view of the suboesophageal ganglion, X 30. 

Fig. 28. Blaberus cranifer Burm., lateral view of the suboesophageal ganglion, 
X 20. 

Fig. 29. Termopsis angusticollis Hag. (worker), lateral view of the sub- 
oesophageal ganglion, X 70. 

Fig. 30. Anisolabis maritima Géné, lateral view of the suboesophageal ganglion, 
x 60 
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and overlapping the labial nerves. From the postero-ventral end the 
small nerves to the salivary ducts and neck muscles leave the 
suboesophageal ganglion. 


(b) The Thoracic Ganglia 

The nerves emerging from each side of a thoracic ganglion are 
usually arranged in two diffuse groups. As far as could be determined 
in the forms studied, the anterior group innervates the tergal promotors, 
the sternal promotors or anterior rotators, the muscles of the basalar 
and subalar sclerites, the axillary muscles (in the meso- and meta- 
thoracic segments), the sternal abductors, and the tergosternal muscles; 
the posterior group innervates the tergal remotors, the sternal remotors 
or posterior rotators, the sternal adductors, and the ventral longitudinal 
muscles. The most conspicuous nerve originating from the posterior 
group is the large nerve trunk to the leg. 

One of the most interesting and constant features of the thoracic 
ganglionic chain is the presence of a loop or plexus formed between the 
pro- and meso-, and meso- and metathoracic ganglia. The nerves 
entering into its formation arise in front from the posterior corners of 
the anterior ganglion or from the interganglionic connectives near their 
origin, and behind from the anterior edge or border of the posterior 
ganglion or the interganglionic connectives near their insertion. Arising 
from this plexus or anastomosis a flattish nerve runs up the side of the 
haemocoel, to whose epithelium and fat bodies in Rhomalea it appears 
to give off fine ramuscles, and enters the base of the wing. As this 
nerve is constant in the apterous forms studied, it must have some other 
function than that of supplying the wing base. It is presumed, though 
there is no anatomical proof for it, that this nerve is sensory in function 
being connected with sensory endings, probably of a proprioceptive 
nature in the wing base. 

The pro- and mesothoracic ganglia are usually of co-equal size. The 
metathoracic ganglion, on the other hand, is often considerably larger, 
depending on the number of “. og ganglia that have been fused 
with it. In Conocephalus (Pl. IV, fig. 31), Ceuthophilus (fig. 32), 
Diapheromera (fig. 36), Blaberus (fig. 38), Termopsis (fig. 39) and 
Anisolabis (fig. 40) one abdominal ganglion is fused with the meta- 
thoracic ganglion; a Gryllus (fig. 33) two are fused with it; in Rhomalea 
(fig. 34) Dissosteira (fig. 35) and Mantis (fig. 37) three. In every case 
two pairs of nerves, one to the lateral wall and the other to the ventral, 
for each abdominal ganglion included in the metathoracic-abdominal 


EXPLANATION OF PLATE IV 


Fig. 31. Conocephalus fasciatus DeGeer, dorsal view of the thoracic ganglia, X 13. 
Fig. 32. Ceuthophilus brevipes Scudder, dorsal view of the thoracic ganglia, X 14. 
Fig. 33. Gryllus assimilis Fabr., dorsal view of the thoracic ganglia, X 11. 

Fig. 34. Rhomalea microptera (Beauv.,) dorsal view of the thoracic ganglia, X 10. 
Fig. 35. Dissosteira carolina (L.), dorsal view of the thoracic ganglia, X 10. 

Fig. 36. Diapheromera femorata Say, dorsal view of the thoracic ganglia, X 12. 
Fig. 37. Mantis religiosa L., dorsal view of the thoracic ganglia, X 11. 

Fig. 38. Blaberus cranifer Burm., dorsal view of the thoracic ganglia, X 10. 

Fig. 39. Termopsis angusticollis Hag., dorsal view of the thoracic ganglia, X 14. 
Fig. 40. (Not used.) 
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ganglion complex, can be traced beside the abdominal ganglionic chain 
to their proper segment. 


(c) The Abdominal Ganglia 

A typical ganglion of this system has two pairs of nerves emerging 
from its sides, an anterior pair to supply the abdominal musculature, 
which curve upwards to innervate the heart and dorsal aorta, as 
Alexandrowicz (1926) has shown, and a posterior pair to supply the 
ventral musculature and the epithelial lining of the haemocoel. 

The nerves of segments eight and nine supply their own musculature 
and in the female the muscles associated with the ovipositor. In the 
male the nerves of segment nine innervate the musculature of the 
phallic organs. In females with large gonaphyses a branch of the eighth 
segmental nerve may be traced into the first or ventral valvula and a 
branch of the ninth into the second or inner valvula, on the one hand, 
and, on the other, into the third or dorsal. These rami no doubt serve 
a sensory function. The nerves of segment ten innervate the muscles 
of the cerci and the dilators of the rectum in both males and females. 
The stout eleventh nerve has a small motor filament to the muscles of 
the epiproct, paraprocts and the dilators of the anus and a large sensory 
root to the cerci. 


Description of the abdominal ganglia of selected forms 

In Conocephalus (Pl. V, fig. 50) there are six abdominal ganglia 
located respectively in segments one, three, four, five, six, and eight. 
The first is almost as large as the last and, with the exception of these 
two, the others have the external appearance of two fused ganglia. The 
ganglion of the first abdominal somite is fused with the metathoracic 
ganglion. The second or first free ganglion innervates segments two 
and three, a condition only found elsewhere in Ceuthophilus. The last 
and largest ganglion supplies segments eight, nine, ten, and eleven. 

Ceuthophilus (fig. 45) has six abdominal ganglia located respectively 
in segments one, two, four, five, seven, and eight. The ganglion of the 
first abdominal somite has been fused with the metathoracic. The 
second, or first free ganglion, innervates segments two, and three, a 
condition similar to that found in Conocephalus. The last ganglion 
supplies segments eight, nine, ten, and eleven. 

Gryllus (fig. 48) has five abdominal ganglia located respectively in 
segments two, three, four, five, and eight, With the exception of the 
last they have the external appearance of two fused ganglia. Those of 
the first two abdominal somites are fused with the metathoracic. The 
last ganglion supplies segments seven, eight, nine, ten, and eleven. 
From the base of each cercal nerve a brane h arises to supply the mus- 
culature of the eleventh segment and gives off near its point of origin a 
transverse branch (commissure) to anastomose with a similar one from 
the opposite side. 

Rhomalea (fig. 43) and Dissosteira (fig. 44) each have five abdominal 
ganglia located respectively in segments two, four, six, seven, and eight. 
The ganglia of the first three abdominal somites are fused with the 








1941] Nesbitt: Nervous System of Orthoptera 67 


metathoracic. The last ganglion supplies segments eight, nine, ten, 
and eleven. 


Diapheromera (fig. 41) has seven abdominal ganglia located 
respectively in segments one, three, four, five, six, seven, and eight. 
That is, ganglia three to seven remain in their primitive positions in the 
somites which they innervate. The ganglion of the first abdominal 
somite is fused with the metathoracic and that of the second somite has 
migrated forward into the first segment. The last ganglion supplies 
segments eight, nine, ten, and eleven. Contrary to the condition found 
in most species, where the lateral roots of the ganglia are well separated, 
in this form they emerge as one nerve, which bifurcates a short distance 
from its source. 


Mantis (fig. 42) has four abdominal ganglia located respectively in 
segments two, four, six, and seven. The ganglia of the first three abdom- 
inal somites are fused with the metathoracic. The last member of the 
chain supplies segments seven, eight, nine, ten, and eleven. Hilton (1937) 
illustrates, but does not describe, the ventral ganglionic chain of the 
*‘Mantid” and figures it as having five ganglia. 

Blaberus (fig. 49) has six abdominal ganglia located respectively in 
segments one (there are two ganglia in this segment or often one in it 
and one in the metathoracic), two, three, four, and five. Only the gan- 
glion of the first abdominal segment has been fused with the metatho- 
racic. The last ganglion of the chain supplies segments seven, eight, 
nine, ten, and eleven. = 

Termopsis (fig. 47) has six abdominal ganglia, all of which but the 
last, externally show their fused nature, located respectively in segments 
two, three, (two ganglia), four, five, and six. As in the primitive types, 
only one ganglion is fused with the metathoracic. The last ganglion 
supplies segments seven, eight, nine, ten, and eleven. 

Anisolabis (fig. 46) has six abdominal ganglia located respectively in 
segments two, three, four, five, six, and seven. The ganglion of the 
first somite is fused with the metathoracic. The last ganglion supplies 
segments seven, eight, nine, ten, and eleven. 


(1v) THE MEDIAN NERVES 

The median nerves, ‘‘super-added series” (Newport, 1832), ‘‘brides 
épiniéres”’ (Lyonet, 1746), ‘“‘subintestinal’’ (oesophageal) nervous system 
(several authors) (Pl. V, all figures; NSI) are longitudinal nerves lying 
between the paired interganglionic connectives. Each median nerve 
arises from the posterior part of the ganglion anterior to it and gives off 
laterally a pair of branches to the region of the spiracles. It may end 
in this bifurcation into lateral branches, or as in most of the forms 
studied, continue backward to enter the anterior part of the ganglion 
posterior to it. In some forms such as Conocephalus, and Mantis, the 
lateral branches in the thorax, fuse with the nerves arising from the 
ganglia and go to the spiracles in conjunction with them. The similarity 
of this doubling back to the grey rami communicantes of vertebrates no 
doubt encouraged the early anatomists in their desire to compare this 
system with the grand sympathetic of vertebrates. In Mantis, 
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Dissosteira, and Rhomalea two small roots emerge, the one behind the 
other, in the middle line, from the dorsal surface of the posterior end of 
the metathoracic ganglion. These bifurcate immediately into two very 
fine nerve filaments which can be traced to the abdominal segments one 
and two. The distribution of the lateral branches to the neighborhood of 
the spiracles and to the larger tracheal trunks has lead investigators to 
conclude that they may control the size of the air passages. 


(111) THE STOMATOGASTRIC OR STOMODAEAL SYSTEM 
(a) General structure of the stomatogastric nervous system in Orthopteroid 
insects 

Brandt (1835) was the first to call the supra-intestinal system by 
the name ‘‘stomatogastric.’’ Owing, no doubt, to a desire for uniformity 
and because it develops from the dorsal, and dorsal and lateral walls of 
the stomodaeum, Snodgrass (1935) designated it the stomodaeal nervous 
system. 

When Bordas described the stomatogastric nervous system in 1900, 
he named the structures from their position and anatomical relationships 
and not from their physiological functions, of which nothing was known 
at that time. He, therefore, called the median post-cerebral ganglion 
by the two alternative names of “le ganglion hypocérébral” or ‘“‘le 
ganglion oesophagien.”’ The lateral ganglia were called “les ganglions 
latéro-oesophagiens antérieurs’”’ and the corpora allata “les ganglions 
latéro-oesophagiens postérieurs.”” To prevent confusion the writer 
has decided to call the median oesophageal or hypocerebral ganglion 
the hypocerebral ganglion; the first or anterior lateral oesophageal 
ganglia the oesophageal ganglia; and the second or posterior lateral 
oesophageal ganglia, the corpora allata. 

The stomatogastric nervous system in Orthopteroid insects is thus 
composed of three ganglionic masses: (i) the precebral, frontal or buccal 
ganglion; (ii) the hypocerebral or oesophageal ganglion (Bordas, 1900), 
occipital (Snodgrass, 1935), pharyngeal (various authors); which may 
be fused laterally with the oesophageal ganglia (supra vide Bordas, 
1900), occipital ganglion (Snodgrass, 1935), or joined to them by stout 
nerves. (The ovoid or wing-shaped oesophageal ganglia are joined to 
the corpora allata by the nervi corporum allatorum) and (iii) the gastric 
or ingluvial ganglia (Snodgrass, 1935), le ganglion stomacal ou abdom- 
inal (Bordas, 1900). 


EXPLANATION OF PLATE V 
Fig. 41. Diapheromera femorata Say, dorsal view of the abdominal ganglia, X 6. 
Fig. 42. Mantis religiosa L., dorsal view of the abdominal ganglia, X 6. 
Fig. 43. Rhomalea microptera ( Beauv.,) dorsal view of the abdominal ganglia, X 3.5. 
Fig. 44. Dissosteira carolina (L.), dorsal view of the abdominal ganglia, X 5. 
Fig. 45. Ceuthophilus brevipes Scudder, dorsal view of the abdominal ganglia, 
xX 10. 
Fig. 46. Anisolabis maritima Géné, dorsal view of the abdominal ganglia, X 9. 
Fig. 47. Termopsis angusticollis Hag., dorsal view of the abdominal ganglia, X 12. 
Fig. 48. Gryllus assimilis Fabr., dorsal view of the abdominal ganglia, X 8. 
Fig. 49. Blaberus cranifer Burm., dorsal view of the abdominal ganglia, X 3. 
Fig. 50. Conocephalus fasciatus DeGeer, dorsal view of the abdominal ganglia, 
x 14. 
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(b) Description of the stomatogastric systems of selected forms. 

The stomatogastric nervous system on Conocephalus (Pl. VI, fig. 51 
and PI. VII, fig. 61) is quite Orthopteran, and presents no great irregu- 
larities. The frontal ganglion (GF) is large in proportion and gives off 
a nerve from its anterior face to innervate the clypeus and possibly 
the epipharynx. The oesophageal ganglia (GO) are conical in front 
where they taper off into the occipital nerves (NO) but are quite large 
and spherical behind. In the normal position they completely cover 
the thin lamellar hypocerebral ganglion (GH), and give off from their 
lateral posterior sides the nervi corporum allatorum. These descend 
laterally to end in the thick discoid corpora allata which are closely 
adherent to the lateral walls of the oesophagus. From the back border 
of the hypocerebral ganglion the internal (NRPI) and the external 
(NRPE) pairs of posterior recurrent nerves arise. The former innervate 
the musculature of the walls of the oesophagus and anterior part of the 
crop; the latter join the gastric ganglia (GG). These latter are spindle- 
shaped structures placed on the antero-lateral walls of the gizzard. 
From their sides small nerves arise to arborize on the walls of the crop. 
The terminal end is prolonged into a stoutish nerve which passes down 
the gizzard, giving off numerous branches. 

The stomatogastric system of Ceuthophilus (Pl. VI, fig. 52 and 
Pl. VII, fig. 62) conforms quite closely with that found in the preceding 
species. The frontal ganglion is small and lies on the anterior face of 
the pharynx just under the clypeus. From between the insertion of 
the partes frontales of the labro-frontal nerves a small fillet arises to 
supply the clypeus and epipharynx. The oesophageal ganglia are 
fusiform in shape with their posterior ends oval, much larger than the 
anterior, and bound to the anterior end of the aorta by a tentorial 
sheet of tissue. They are intimately fused with the small hypocerebral 
ganglion and are prolonged forward as the occipital nerves. From their 
ventral surfaces the nerves of the corpora allata arise and follow a lateral 
and posterior course to end in the relatively small, lenticular corpora 
allata. Small ramuscles, not shown in the figures, emerge from the 
ventral surface of the hypocerebral ganglion to innervate the salivary 
ducts and oesophageal muscles. The spindle-shaped gastric ganglia 
lie on the sides of the peduncle of the gizzard and are connected to the 
anterior ganglia by the external posterior recurrent nerves. Each gives 
off three nerves, an anterior pair to the walls of the crop and a single 
posterior filament to the musculature of the gizzard and intestinal 
caeca. While the writer can not be absolutely certain there was the 
suggestion that this last nerve continued on to the walls of the 
mesenteron. 

Gryllus (Pl. VI, fig. 53 and Pl. VII, fig. 63) is chiefly notable for 
the size of the frontal ganglion. Subhemispherical in shape and lying 
just behind the clypeus on the anterior face of the pharynx it gives off 
a nerve anteriorly to the labrum and epipharynx, and is connected 
in the usual way with the tritocerebrum. From its posterior border the 
short anterior recurrent nerve (NRA) arises to join it with the hypo- 
cerebral ganglion. This latter is flat, spindle-shaped and completely 
covered by the long, thin, fusiform oesophageal ganglia. Bordas (1900) 
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describing Gryllus campestris Latr., states that the oesophageal ganglia 
are joined to the hypocerebral by stout nerves. In all the dissections 
made of Gryllus, and in the microscopic preparations examined, the 
oesophageal ganglia were intimately fused with the hypocerebral 
throughout most of their length. In fact this fusion is so complete, 
in the center, that the three ganglia form a U-shaped mass, when seen 
in cross section. The large lamelliform corpora allata, joined to the 
middle of the oesophageal ganglia by stout nerves, lie closely adherent 
to the lateral walls of the oesophagus. The oesophageal ganglia are 
joined to the back of the brain by stout connectives. From the back 
of the hypocerebral ganglion the internal and external recurrent nerves 
arise to innervate, respectively, the anterior musculature of the crop 
and oesophagus and the gastric ganglion. These latter are large, almost 
as wide as an oesophageal ganglion, top, or pear-shaped and situated 
on the sides of the anterior part of the peduncle of the gizzard. (The 
diagram indicates that they are smaller than they really are.) From 
the large, swollen anterior end of each ganglion two fillets arise to 
arborize on the walls of the crop. The posterior extremity of each is 
prolonged into a nerve which runs along the gizzard to the mesenteron, 
where it bifurcates to distribute its branches to the ends of the intestinal 
caeca. From the base of this tail-like structure a large fillet arises to 
innervate the walls of the gizzard and the posterior part of the crop. 

Rhomalea (P1. VI, fig. 54; Pl. VII, fig. 64) presents very few differ- 
ences, other than those of relative size, from the insects already 
described. The frontal ganglion is small, has two ramuscles to supply 
the clypeus and epipharynx, and is joined to the rather large hypo- 
cerebral ganglion by the anterior recurrent nerve. The latter ganglion 
has the oval oesophageal ganglia fused to its sides by dorso-lateral 
alar processes, and from its ventro-lateral surfaces gives off little fillets 
to innervate the salivary ducts and some oesophageal muscles. Looked 
at from above the oesophageal ganglia lie so close to the middle line 
that they obscure the hypocerebral ganglion. The anterior end of the 
dorsal aorta descends between the anterior ends of these ganglia and 
the back of the brain, to which they are attached by the occipital 
nerves. The corpora allata are quite large, lenticular masses closely 
adherent to the sides of the oesophagus and joined to the sides of the 
oesophageal ganglia by stoutish flat nerves. The thick external posterior 
recurrent nerves appear as lateral, dorsal and posterior prolongations 
of the hypocerebral ganglion. Ventral and slightly lateral to their 
roots the inner posterior recurrent nerves emerge from the hypocerebral 
ganglion or, in some cases, from the roots of the external nerves. The 
gastric ganglia are small ovoid masses adhering to the lateral walls of 
the posterior third of the crop. Each gives off three nerves, two 
posterior, which may or may not arise from the same root, and one 
anterior. One posterior filament arborizes slightly on the back part 
of the crop and proventriculus, and sends a branch to the mesenteron; 
the other goes to the lower posterior ends of the intestinal caeca and 
may give off a small branch to the mid-intestine. The anterior filament 
travels down the crop and gizzard, branches extensively, and ends 
about the origin of the intestinal caeca. 
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Again Dissosteira (Pl. VI, fig. 55 and Pl. VII, fig. 65) is so like 
Rhomalea that the one description might suffice for both. Contrary 
to the opinion expressed by Snodgrass (1935) that there is a “‘single 
median occipital ganglion closely associated with the open, trough-like 
anterior end of the aorta,’’ the writer believes that while the oesophageal 
ganglia appear to be laterally thickened alar-processes of the hypo- 
cerebral ganglion they are separate ganglia, which, like those of Gryllus, 
have been fused with the hypocerebral throughout the greater part of 
their length. When examined in cross-section the three ganglia appear 
as a U-shaped structure in which the arms of the U are the oesophageal 
ganglia and the base the hypocerebral. The inner posterior recurrent 
nerves arise anterior to the external and from the lateral sides of the 
hypocerebral ganglion. The small gastric ganglion has two posterior 
nerve filaments to innervate the intestinal caeca and one large anterior 
nerve which arborizes to supply the posterior part of the crop and 
proventriculus and which ends about the bases of the intestinal caeca. 
The corpora allata are very large, lenticular structures closely applied 
to the lateral walls of the oesophagus. 

The stomatogastric system of Diapheromera (Pl. VI, fig. 56 and 
Pl. VII, fig. 66) is quite similar to the preceding types. The frontal 
ganglion lies on the dorso-anterior face of the crop and receives the 
partes frontales of the labro-frontal nerves at its anterior corners. 
Between these two points of insertion and arising from the anterior 
face of the ganglion are three little nerve fillets to supply the epipharynx 
and clypeus. The two fusiform oesophageal ganglia are intimately 
connected throughout most of their length with the small hypocerebral 
ganglion. From their gradually tapering anterior ends the occipital 
nerves connect them with the back of the brain. The relatively small 
corpora allata lie close beside the posterior ends of the oesophageal 
ganglia. The left one is usually farther forward than the right. The 
single posterior recurrent nerve (NRP) arises as a caudal continuation 
of the hypocerebral ganglion. Shortly after its origin it gives off two 
fairly large fillets to innervate the anterior part of the crop. These 
seem to be analogous to the inner posterior recurrent nerves of the 
preceding species. Continuing down the lengthy crop it gives off 


EXPLANATION OF PLATE VI 


Fig. 51. Conocephalus fasciatus DeGeer, dorsal view ot the stomatogastric system, 


Fig. 52. Ceuthophilus brevipes Scudder, dorsal view of the stomatogastric system, 
xX 30. 

Fig. 53. Gryllus assimilis Fabr., dorsal view of the stomatogastric system, X 18. 

Fig. 54. Rhomalea microptera (Beauv.,) dorsal view of the stomatogastric system, 
x 10. 

Fig. 55. Dissosteira carolina (L.), dorsal view of the stomatogastric system, X 13. 

Fig. 56. Diapheromera femorata Say, dorsal view of the stomatogastric system, 
X 25. 

Fig. 57. Mantis religiosa L., dorsal view of the stomatogastric system, X 20. 

Fig. 58. Blaberus cranifer Burm., dorsal view of the stomatogastric system, X 25. 

Fig. 59. Termopsis angusticollis Hag., dorsal view of the stomatogastric system, 
x 50. 

Fig. 60. Anisolabis maritima Géné, dorsal view of the stomatogastric system, 
x 40. 
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lateral ramuscles to innervate the crop and ends in the gastric ganglion. 
Unlike the condition found in any of the other Orthoptera described, 
the gastric ganglion of Diapheromera is very small and sickle-shaped. 
From it arise nerves to innervate the crop and proventriculus. 

In Mantis (Pl. VI, fig. 57 and Pl. VII, fig. 67) the frontal ganglion 
is wedge-shaped when examined from the side. It lies on the anterior 
face of the pharynx and gives off two little nerves to supply the epi- 
pharynx and clypeus. Passing backward over the pharynx and 
oesophagus the anterior recurrent nerve supplies the muscles of the 
oesophagus with two little fillets, and comes to end posteriorly in 
relatively the largest and most distinct of the orthopteroid hypocerebral 
ganglia (GH). From the ventral surface of this ganglion two pairs of 
little fillets emerge to innervate the salivary ducts and oesophagus. 
Dorso-laterally it is connected on its two sides with the ovoid oesophageal 
ganglia by means of short stout connectives. The oesophageal ganglia 
are joined in front to the back of the brain by the occipital nerves and 
caudad to the corpora allata. These latter are kidney-shaped and closely 
applied to the lateral walls of the oesophagus, the nerve entering at the 
“hilus.”” From its rather bulbous posterior end the hypocerebral 
ganglion gives off the large posterior recurrent nerve which, travelling 
down the crop, comes to terminate in the gastric ganglion. Close to 
the root of the nerve two fillets arise to innervate the musculature of 
the anterior part of the crop. As in the case of Diapheromera these 
are analogous to the internal posterior recurrent nerves of the saltatorial 
Orthoptera. Other ramuscles arise laterally to supply successive 
regions of the crop. The gastric ganglion is drop-shaped and lies 
on the dorsal surface of the anterior part of crop in the space left free 
by the gastric caeca. From its anterior part, two fillets arise to innervate 
the crop. From the bulbous posterior end, two large fillets leave to 
innervate the musculature of the gizzard and gastric caeca. 

Blaberus (Pl. VI, fig. 58 and Pl. VII, fig. 68) presents some inter- 
esting differences in its stomatogastric system. The frontal ganglion 


EXPLANATION OF PLATE VII 

Fig. 61. Conocephalus fasciatus DeGeer, lateral view of the oesophageal and 
hypocerebral ganglia and the corpora allata, X 65. 

Fig. 62. Ceuthophilus brevipes Scudder, lateral view of the oesophageal and 
hypocerebral ganglia and the corpora allata, X 65. 

Fig. 63. Gryllus assimilis Fabr., lateral view of the oesophageal and hypocerebral 
ganglia and the corpora allata, X 35. 

Fig. 64. Rhomalea microptera (Beauv.,) lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 26. 

Fig. 65. Dissosteira carolina (L.), lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 33. 

Fig. 66. Diapheromera femorata Say, lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 50. 

Fig. 67. Mantis religiosa L., lateral view of the oesophageal and hypocerebral 
ganglia and the corpora allata, X 40. 

Fig. 68. Blaberus cranifer Burm., lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 50. 

Fig. 69. Termopsis angusticollis Hag., lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 85. 

Fig. 70. Anisolabis maritima Géné, lateral view of the oesophageal and hypo- 
cerebral ganglia and the corpora allata, X 80. 
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is quite large. From its anterior corners, near the points of entrance 
of the partes frontales of the labro-frontal nerves, two little ramuscles 
arise to supply the clypeus and epipharynx. Between them a smaller 
third ramuscle emerges to supply the same region. In Blaberus the 
relations of the hypocerebral and oesophageal ganglia are difficult to 
understand. If examined in lateral view, (fig. 68), they do not seem to 
present any fundamental difference from Gryllus or Ceuthophilus. If 
viewed from the dorsal side, however, the relations are a little clearer. 
The mid-ventral borders of the oesophageal ganglia (GO) are joined 
to the small hypocerebral ganglion (GH). From practically the same 
roots the nerves to the corpora allata arise and pass backward. In the 
drawing it appears as if the hypocerebral ganglion were a large U-shaped 
mass. This appearance is, however, deceptive. The hypocerebral 
ganglion is a small rod of tissue continuous in the middle line with the 
anterior recurrent nerve ahead and the posterior recurrent nerve behind. 
The nerves of the corpora allata run along the margin of the mass called 
GH. The two large wedges of tissue so formed between the hypo- 
cerebral ganglion in the middle and the nerves of the corpora allata 
on the outside, consist of a plexus of nerves derived from the hypo- 
cerebral ganglion to innervate the oesophagus. The hind margin of 
the organ (GH) may be the nerves which Bordas (1900) figures in 
Blaberus atropos Stroll as joining the hypocerebral ganglion to each 
corpus allatum. As the hypocerebral ganglion, the two plexus and the 
nerves to the corpora allata are all covered dorsally by the one mem- 
brane, they appear as one structure labelled GH. By careful dissection 
they can, however, be teased apart. The rest of the system is quite 
simple. The oesophageal ganglia are joined to the back of the brain 
in the usual way. The posterior recurrent nerve gives off side branches 
to innervate the oesophagus and ends in the gastric ganglion. This 
latter is located on the last part of the crop or on the peduncle of the 
gizzard and gives off four nerves distributed to the crop, proventriculus 
and gastric caeca. 

The evolutionary trend begun in Blaberus, (i. e., the tendency for 
the oesophageal and hypocerebral ganglia to form a U-shaped structure 
in the horizontal plane) is carried further in Termopsis (Pl. VI, fig. 59 
(worker) and Pl. VII, fig. 69 (worker above and soldier below) ) where 
the oesophageal and hypocerebral ganglia form a distinct U-shaped 
structure, when viewed dorsally. The fusiform oesophageal ganglia 
are joined to the brain in front by the occipital nerves and fuse or merge 
into the hypocerebral ganglion behind. This latter is continuous with 
the large posterior recurrent nerve. The large lenticular corpora 
allata are joined to and lie close to the back part of the oesophageal 
ganglia. Passing caudad the posterior recurrent nerve gives off lateral 
fillets to the musculature of the crop and ends in the gastric ganglion. 
As usual this latter innervates the back part of the crop, the pro- 
ventriculus, and the intestinal caeca. One large and two tiny fillets 
arise from the anterior border of the frontal ganglion to supply the 
epipharynx and clypeus. 

Anisolabis (P|. V1, fig. 60 and Pl. VII, fig. 70) has quite a simple 
stomatogastric system. The frontal ganglion lies on the dorsal surface 
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of the pharynx, just under the clypeus. A single median fillet arises 
from its anterior border to supply the epipharynx. The two oesophageal 
ganglia are tightly squeezed together, and are composed of two parts: 
a dorsal spherical portion which tapers off anteriorly into the occipital 
nerves and a ventral hemispherical portion intimately fused with the 
large hypocerebral ganglion. The nerves of the corpora allata arise 
from the back of the ventral portion of the oesophageal ganglia. 
Because of the peculiar nature of the preservation of the specimens the 
gastric ganglion could not be studied. A single posterior recurrent 
nerve, however, runs back over the digestive apparatus. 


DISCUSSION AND RESULTS 

In the course of the foregoing descriptions several points 
have arisen, consideration of which has been postponed on 
account of their having a general rather than a special sig- 
nificance. These may be dealt with here. 

The most general of these concerns the relationship within 
the order or within the related orders. For some time now the 
Order Orthoptera as it is generally known has been regarded 
as a group of divergent elements. Two main lines of descent 
are now generally recognized by specialists as being represented 
in this group, the one includes the families of Blattidae, 
Mantidae, and the Isoptera; the other the Phasmatidae, 
Grylloblattidae, and Saltatoria (which in turn is composed of 
the families Acrididae, Gryllidae, Rhaphidophoridae, Tetti- 
goniidae, and others which were not studied). The Dermaptera 
have been commonly associated with the Orthoptera and are 
considered here on that account, but their relationships with 
the Orthoptera are now recognized as somewhat remote. 

Although fundamentally similar throughout the order, the 
nervous system presents some differences which would make it 
of value in giving additional evidence on this subject. The 
principal of these is to be found in the stomatogastric system 
where it was noted that some forms have a single posterior 
recurrent nerve and gastric ganglion while others have a double 
nerve and two ganglia. 

It is impossible at this early stage of the investigation to 
say which is the more primitive condition, that with one or two 
posterior recurrent nerves. The possession of a single nerve in 
Thermobia domestica Pack., Grylloblatta campodetformis Walker, 
(private communication from Dr. E. M. Walker), and in the 
more generalized groups and in several widely separated orders 
(from Mantidae to Dermaptera) supports the theory that this 
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condition is the more primitive, yet, on the other hand, the 
coalescence of two ganglia and their nerves is a more usual 
evolutionary event than the dividing of a single organ. An 
investigation of the most primitive of insects such as the 
Machilidae, should decide this issue. 

Using this as a criterion of division the families may be 
grouped on the basis of the forms studied: (i) those with a 
single posterior recurrent nerve; i. e., Mantidae, Blattidae, 
Phasmatidae, Order Isoptera, and the Order Dermaptera; 
(ii) those with two pairs of posterior recurrent nerves; i. e., 
Tettigoniidae, Rhaphidophoridae, Gryllidae, and Acrididae. 

As a basis of classification it might be objected that this 
grouping brings together two so different types as the primitive 
Blattid with six abdominal ganglia and the relatively advanced 
Mantid with only four abdominal ganglia. In answer to this it 
might be said that in the writer’s opinion the stomatogastric 
system is more constant and forms a better basis for classification 
than the ventral ganglionic chain. The latter is more plastic 
and subject to the influences of cephalization and centralization. 
Thus it happens that there has been extreme cephalization in 
such families as the Mantidae and Acrididae in which three 
abdominal ganglia have been fused with the metathoracic, and 
relatively little in the Blattidae, Phasmatidae, Isoptera, and 
Dermaptera, where only one ganglion has been fused with the 
metathoracic ganglion. The intermediate condition is presented 
by the representatives of Gryllidae, Tettigoniidae, and Rhaph- 
idophoridae where in the first type two ganglia are included 
in the metathoracic complex, and in the other two one ganglion 
is in the complex and a secondary centre is formed of the fused 
second and third abdominal ganglia. Thus cephalization in 
the Orthoptera has little taxonomic significance, and as such 
does not constitute a basis for tracing the broader relationships 
of the group. 

A more serious difference of opinion than the above is that 
by using the criterion of single or paired posterior recurrent 
nerves Diapheromera and Grylloblatta are placed in the same 
group as the Mantidae and Blattidae when they are usually 
considered as coming from the same line of descent as the 
Saltatoria. 

A second less general point which might be used to support 
the above classification, and which indicates that the Mantidae, 
Blattidae and Isoptera are closely related, is the relatively 
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great distance in these forms between the circumoesophageal 
connectives and the mandibular nerves. As the diagrams 
(Pl. III, figs. 27, 28 and 29) indicate, the circumoesophageal 
connectives in Mantis and Termopsis enter close to the center 
of the dorsal surface of the suboesophageal ganglion, whereas 
in all the other forms studied they enter at the antero-dorsal 
corners. In all, the mandibular nerves are in relatively the 
same position. On first examination it does not appear as if 
the suboesophageal ganglion of Blaberus has much similarity 
with that of Mantis and Termopsis. If, however, the head 
of Blaberus be rotated through about 180° from the almost 
opisthognathous position of that form to the prognathous 
position of the Termite the suboesophageal ganglion would 
resemble that of Termopsis or Mantis quite closely in all the 
essential features. 


SUMMARY 


1. A comparative anatomical study was made of the 
nervous system of ten representative species of Orthoptera 
with examples from the Orders Isoptera and Dermaptera. 


2. In comparing the supra-oesophageal ganglia to the 
typical Orthopteran brain the following differences were noted: 

(a) While all are fundamentally the same the brains of 
certain forms, such as Diapheromera and Mantis are 
relatively much wider and thinner because of the 
peculiar nature of the head capsule. 
The optic nerves, usually minute, are grouped into 
fascicles in Ceuthophilus (Rhaphidophoridae) or into a 
long stalk in Termopsis (Isoptera). 
The optic lobes may be intimately and broadly fused 
with the protocerebrum or joined to it by a narrow stalk 
as in Diapheromera. 
There are no ocellary nerves in Diapheromera or 
Ceuthophilus. 
The brains of prognathous and hypognathous insects 
have fundamentally the same shape, though the main 
axes of the two types are at decided angles to each 
other. 

3. The circumoesophageal connectives enter the sub- 


oesophageal ganglion after passing in front of the tentorium in 
Tettigoniidae, Gryllidae, Acrididae, and Dermaptera; through 
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the deep notch in the tentorium in Rhaphidophoridae; through 
the hole in the tentorium in Blattidae, Mantidae, ard the 
Isoptera. 

4. The metathoracic ganglion may have one, two, or three 
abdominal ganglia fused with it, but in each case the nerves 
may be traced to their respective somites. 

5. The number of abdominal ganglia varies from four in 
Mantis to seven in Diapheromera. The last is larger than 
the others and supplies the genital apparatus, rectum, and cerci. 
In Diapheromera and Termopsis most of the ganglia lie in their 
primitive positions. 

6. The median nerves are simple fine filaments lying 
between the thoracic and abdominal connectives and taking 
their origin from the ganglion ahead. They give off lateral 
branches to supply the main tracheal trunks and the spiracles. 

7. The stomatogastric system is composed of three principal 
ganglionic masses, viz., (i) the frontal ganglion, (ii) the 
oesophageal-hypocerebral ganglionic complex, (iii) the gastric 
ganglia. 

8. The order Orthoptera and related orders may be divided 
into two groups on the basis of the number of posterior recurrent 
nerves. 

(i) One posterior recurrent nerve: Families Mantidae, 
Blattidae, Phasmatidae, Grylloblattidae, and Orders 
Isoptera and Dermaptera. 

(ii) Two posterior recurrent nerves: Families Tettigoniidae, 
Rhaphidophoridae, Gryllidae and Acrididae. 

9. The Blattid-Mantid-Isopteran complex is further linked 

together by the relative positions of the circumoesophageal 
connectives and the mandibular nerves in these three forms. 
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EXPLANATION OF PLATES 


REFERENCE LETTERING 


C—nerves to the cerci. 
CA—corpora allata. 
CC—circumoesophageal connectives. 
CG—brain or supra-oesophageal 
ganglion. 
D—deutocerebrum. 
GI—prothoracic ganglion. 
GII—mesothoracic ganglion. 
GIII—metathoracic ganglion. 
G6 and G7—sixth and seventh abdominal 
ganglia. 
GF—frontal ganglion. 
GG—-gastric ganglion. 
GH—hypocerebral ganglion. 
GO—oesophageal ganglion. 
LO—optic lobe. 
N1 to N10—nerves to the first, to the 
tenth abdominal ganglia. 
NA—nervus antennalis. 
NAA—nervus antennalis accessorius. 
NC—nervus cervicalis. 
NFM—nerves to the muscles about the 
foramen magnum. 
NH—nervus hypopharyngealis. 
NLF—nervus labro-frontalis. 
PF—pars frontalis. 
PL—pars labralis. 


| NRPI—nervus 





NL1, NL2, and NL3—nerves to the 
fore, middle and hind legs, 
respectively. 


NM—nervus mandibularis. 


NM,—nervus maxillae. 


| NM.—nervus labii. 


NO—nervus occipitalis. 
NOC—nervus ocellarius. 


| NOP—nervus opticus. 


NRA—nervus recurrens anterior. 

NRP—nervus recurrens posterior. 

NRPE—nervus recurrens posterior 
externus. 

recurrens posterior 

internus. 


NS—nerve of the salivary ducts. 


| NSI—median or subintestinal nerves. 


NT—nervus tegumentalis. 
OC—ocellar lobe. 
OS—optic stalk. 
P—protocerebrum. 


| Sl to S8—abdominal segments one to 


eight. 
T—tritocerebrum. 
TC—tritocerebral commissure. 


| TCl1, TC2, and TC3—first, second and 


third thoracic connectives. 
U, V, X, and Z—pieces of thoracic 
connectives removed. 








SOME NOTES ON THE NEST OF THE ANT 
PRENOLEPIS IMPARIS SAY 


CLypDE A. DENNIs, 
Tusculum College, 
Greeneville, Tenn. 


One of the very few ants to show activity throughout the winter, in 
the region of the writer’s home at Greenville, Tennessee, is Prenolepis 
imparis Say. During the mild days in winter these ants can be seen at 
the opening of their formicaries and they even do some excavating if 
the weather is very mild. Their small craters show that the excavations 
extend rather deep into the subsoil (red clay in this area) which is 
unusual for an ant so small. I decided to dig out some nests in order 
to study the make up of the nest and to determine how deep the nest 
extended. 

According to W. M. Wheeler, Prenolepis imparis Say is common 
over most of the United States. ‘The American forms, according to my 
observations, very rarely nest under stones, but make obscure crater 
nests, usually with a single small orifice, in shady places. The typical 
imparis prefers moist, clayey soil. The nests occur so frequently near 
oaks, even if they belong to our dwarf “‘scrub”’ species, that one suspects 
some definite association between the ants and these plants.”’ ‘“The Ant 
Prenolepis Imparis Say,” Wheeler, Annals Ent. Soc. of America, Vol. 
23, 1930.’ This is especially true where there is very little ground 
cover. The nests are not, however, confined to situations where there 
are oak trees. They can be detected rather easily, in the territory in 
which I worked, by the crater of clay soil which usually surrounds the 
opening to the nest. If the opening is on a slope the crater may be 
washed away by heavy showers or prolonged rains and consequently 
show no sign of ever having had a crater. If the opening is on level 
ground the crater is simply packed down by the rain and the formicary 
can be detected by the contrast between the color of the clay excavated 
and the darker top soil. It is not uncommon to find six or eight of 
these craters in a space of twenty square feet in a situation where there 
are plenty of oak trees and little ground cover. 

For a complete description of this ant I refer you to “The Ant Pre- 
nolepis Imparis Say,’’ Wheeler, Annals Ent. Soc. Amer., Vol. 23, 1930, 
and “Honey Ants with a Revision of the American Myrmecocysti.”’ 
Bull. Amer. Mus. Nat. Hist., Vol. 24, article 20, pp. 345-397, 1908. To 
quote briefly from the latter reference, ‘‘Prenolepis imparis Say is a 
very timid, mild mannered ant, and lives very largely on the exudations 
of plants and.the honey-dew of aphids and coccids. The workers visit 
their pastures in files and return with their gasters greatly distended. 
The more heavily chitinized, brownish sclerites of the gaster are widely 
separated by the tense intersegmental membranse through which shine 
like an amber bead, the liquid contents of the crop. The gate of the 
depleted insect is very free and elegant, but when its crop is full it 
lumbers or waddles along in a very awkward fashion.’’ According to my 
observations, it was only an occasional worker (perhaps one out of 
twenty-five) that returned to the nest showing any noticeable distension 
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of the gaster, and I did not see any returning to the nest with the gaster 
distended to the extent of those in the lower chambers of the nest, 
which do have difficulty in walking. My observations were made at 
Tusculum College, Greeneville, Tennessee, during February, March, 
April and May of 1940 and at Asheville College, Asheville, N. C., 
during June and July of 1940. All but one of the colonies were working 
on oak trees (the exception was Spirea) and perhaps there was not 
sufficient food material available to cause this distended condition. 


EXCAVATION OF THE NEST 


After trying several methods of excavating the nests, the following 
plan was found most successful. By means of a post-hole digger a shaft 
was sunk about a foot from the opening to the nest, and to a depth of 
about three and one-half feet. This shaft was then widened into a 
trench three feet long. By the use of a garden trowel the side of the 
trench was cut down toward the galleries. By cutting faster at the 
top of the trench the main gallery was reached before any chambers 
were opened; then by the use of a teaser each chamber and the galleries 
could be successively worked out from top to bottom. The excavating 
was greatly facilitated by the composition of the soil, (clay with a little 
sand) which did not allow the chambers to collapse, and also to a dark 
substance which lined the galleries and chambers, and made it possible 
to see the outline of these beneath, when the cut was made close to 
them. This dark substance is possibly excreta of the ants or perhaps 
fine particles of the dark top soil which is brought in on the tarsi. 

Eleven formicaries were excavated—the variation in depth of these 
nests was very little. All of them ran somewhere between two feet 
nine inches and three feet. In the regions where the excavations were 
made there is a very firm type of clay, containing a good deal of gravel, 
at a depth of three feet. This fact may explain why the nests were all of 
uniform depth, that is, excavation in the firm clay substratum would be 
much more difficult than in the clay-sand mixture. At a later date I 
intend to make further investigations to see if differences in substrata 
might have an effect on the depth of the nest. 

The size and shape of the chambers show some variation. The 
largest chambers were two and a quarter inches long by a little less 
than 2 inches wide, the smaller were one inch long by two-thirds of an 
inch wide. The number of chambers in the formicaries ran from eight 
to twenty-seven. No doubt new chambers are dug as the number of 
individuals in the colony increases. It would be interesting to know in 
what order the chambers are dug since the nest with eight chambers 
was as deep as the one with twenty-seven, and there was a chamber at 
the bottom of the main gallery in each, with others more or less evenly 
spaced along the main gallery. 

In a few cases one chamber connected to the next (fig. 2), but the 
usual form was (figs. 1 and 3) where each chamber was connected to the 
main gallery or, as in a few cases, connected to another chamber by a 
short side gallery. Now and then the crater is hollowed out into a 
chamber (fig. 2), and in two cases out of the eleven (fig. 3), there were 
two entrances to the nest. In both cases the openings were within an 
inch of each other and the galleries from these united just under the 
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surface of the ground. The main gallery of most of the formicaries 
extended down almost perpendicular, but occasionally there is a main 
gallery with considerable slope (fig. 2). The short sudden turns in a 
gallery are generally detours around a root or stone. 


OBSERVATIONS ON NESTS 


From observations while digging out these nests it appears, during 
the season I excavated, that the repletes occupied the lower chambers 
of the nest (C on plate). When these chambers were cut into the repletes 
appeared to pack the cavity, and by inserting a tweezer a mass of these 
could be captured. The chambers near the half way mark (B on plate) 
do not contain as many ants, and there are a few of the depleted workers 
mixed in with the repletes, although greatly outnumbered. The cham- 
bers near the top (A on plate) have still fewer ants and here they are 
almost entirely of the depleted type. However, in every nest dug there 
were from two to six repletes, in the first or top chamber. This leads to 
a question which might be interesting to follow. Do certain of the 
workers sit up near the top to take on the food of the field forager as she 
comes in, thus saving the forager the trouble of traveling deep into 
the nest’ 


NUMBER OF ANTS IN COLONY 


During the process of digging out one of the nests an effort was made 
to collect every ant in it. The nest chosen seemed to be about average. 
Since the ants are less active during the hottest part of the day this 
time was chosen to do the excavating. After the better part of an hour 
was spent watching the opening for incoming and outgoing ants, and 
none being seen it was concluded that at least most of the workers were 
in the nest, and digging was begun. With the loss of possibly eight or 
ten, the number collected was one thousand and forty-three workers 
and two nest queens. This figure is much higher than given by Wheeler / 
for colonies from New York, New Jersey, and Illinois. He gives the 
number as three to four hundred. Ninety-seven out of the one thousand 
forty-three workers showed no distension of the gaster while at least 
one-half of the number had the gaster so distended that their motions 
seemed awkward. The full replete, however, is far from helpless as is 
true of some of the honey ants of the southwest. When the nest is 
disturbed the repletes of imparis, like the Australian honey ant, seem 
to be much more interested in the brood than do the depleted type of 
worker. (‘Australian Honey-Ants of the Genus Leptomyrmex Mayr.” 
Wheeler, Proc. of the Amer. Acad. of Arts and Sc., Vol. 51, No. 5, 1915.) 
Some imparis hang upside down on the roof of the chambers and when 
the chamber is opened they descend slowly to the floor and move about 
in a rather lumbering manner. If they fall to the bottom of the trench 
they find it difficult to climb up its steep sides and often keep tumbling 
back to the bottom, time after time, before they finally are able to get 
to the top. When the main gallery is opened up for some distance there 
is a stream of ants coming up from the galleries and chambers below to 
the opening at the top, only to turn around and go back again. The 
greatly distended repletes seem to fill the whole gallery. Two, however, 
are able to pass, though it appears to be a “tight squeeze.” 
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BROOD 


In the nests dug before July first, no brood was seen, after that date 
a few very small larva appeared in the chambers near the bottom of the 
nests. The winged forms develop late in the fall and are held over in 
the nest during the winter and the nuptial flight occurs very early in the 
spring, usually the last week or two in March or the first in April. 
Since my excavations were not started until the latter part of May 
these winged forms were missed and it will require more study to deter- 
mine how and where the winged forms are wintered over. 


QUEENS 


The nest queen was taken in every excavation made and each time 
she was at least half way or more down in the nest. The queen is rather 
active and undoubtedly does considerable moving about in the nest 
when it is being disturbed and it would be very difficult to find her at 
the normal position, if indeed she does stay in any one place a great 
part of the time. In one case two nest queens were found. 


SUMMARY 


As Wheeler states, Prenolepis imparis Say is more often found near 
oak trees, but it is not always the case. Any large plant infested with 
aphids or coccids seems to be sufficient for the maintenance of a colony 
of these ants. 

I found no ants that were leaving or entering the nest with the 
gaster distended to the extent of those found in the deepest chambers of 
the nest. This fact raises the question: Are some of the workers used 
only as repletes, as is true of some of our southwest Honey Ants? 

All the nests in the area worked are about the same depth, regardless 
of the number of chambers or the size of the colony. 

The walls of the galleries and chambers are much darker in color 
than the surrounding clay soil, perhaps due to any excreta or top soil 
brought in on the tarsi of the ants, or both. 

The number of chambers in a nest may vary greatly but the size of 
the chambers only slightly. 

In most cases there is but one opening to the nest, but in a few cases 
two openings were present. These soon joined to make the main gallery. 

The lower chambers are packed with repletes, while the ones near 
the half way mark have less ants and there are a few depletes, and the 
chambers near the top have very few ants in comparison to the others 
and they are nearly all of the depleted type. 

The number of ants in one colony (about average) was 1043 workers 
and 2 nest queens. 

Brood did not appear in any of the nests until after July 1. 
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THE NORTH AMERICAN EPHEMEROPTERAN TYPES 
OF THE REV. A. E. EATON 


HERMAN T. SPIETH, 


College of The City of New York 
Convent Ave. and 139th St. 


In his various studies on the Ephemeroptera of the world, 
Eaton described and named thirty-one species of North and 
Central American ephemerids. The types of all but seven of 
these species are in the McLachlan collection. This extremely 
important ephemeropteran collection has been acquired recently 
by the British Museum (Natural History), where I was able 
during the summer of 1939 to study Eaton’s North and Central 
American series." 

At the suggestion of Messrs. N. D. Riley and Martin E. 
Mosely, I have designated lectotypes of twenty-two of the 
American species. Although Eaton did not designate types, he 
clearly stated in his descriptions where the material had been 
collected, by whom, and in what collection it was located. By 
comparing his description with the original material, it was 
usually possible to determine from which specimen Eaton had 
derived his description. When such connection could be 
ascertained, the specimen was designated as the lectotype. 


Eaton’s descriptions in general are accurate and rather 
complete. In reading them, however, it should be remembered 
that he used relatively low power magnification when studying 
his specimens. Mr. Mosely, who knew Eaton personally, informs 
me that Eaton always employed a hand lens. 


The alcoholic material of the Eaton collection is not yet 
available for study, and I therefore did not see the nymphal 
type of Ephemerella hecuba Eaton. Since this species is so well 
known, however, there is no doubt as to its correct identity. 


The synonymy given with each species is not complete, but 
merely that part which seems pertinent to the present paper. 


1] wish to thank Messrs. N. D. Riley, D. E. Kimmins, and Martin E. Mosely 
for the kindness and helpfulness shown me on my trip to England and the British 
Museum (Natural History). Mr. Kimmins made invaluable preparations of the 
genitalia of various male ephemerids. 
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Hexagenia venusta Eaton 
Hexagenia venusta Eaton, Revisional Mono. Rec. Ephemeridae, part 1, p. 54, 1883. 

Ulmer, Archiv. f. Naturg., Band 87, Abt. A, Hft. 6, pp. 235, 237, 239, 1921. 

Needham, Traver, Hsu, etc., Biology of Mayflies, p. 274, 1935. 

Eaton based the species upon material from ‘‘Texas, Dallas, Waco, 
and W. Texas,”’ and from ‘‘Utah Lake.” The species is represented in 
the McLachlan collection by the following specimens: 2 9 imagoes, 
Dallas, Tex.; 4 co imagoes, Dallas, Tex.; 1 o subimago, Dallas, Tex.; 
6 2 subimagoes, W. Tex., Belfrage; 3 @ imagoes, W. Tex., Belfrage; 
3 2 imagoes, Bosque Co., Tex., Belfrage; 1 2 imago, Tex.; 1 9 imago, 
Tex., Belfrage; 2 2 subimagoes, Tex., Belfrage. A female subimago 
from ‘‘California’”’ and another from “North America” had been 
erroneously included in the species. 

Eaton’s description is adequate and the present concept of the 
species as set forth by Traver (1935) is correct. The four male imagoes 
from Dallas correspond exactly to the original description and I have 
therefore designated one of them as the lectotype. Recently identified 
material agrees perfectly with the type. 

The McLachlan collection also has 3 o& imagoes and 6 co subimagoes 
which Belfrage collected in ‘‘Bosque Co., Texas, W. Texas” and in 
‘“‘Texas.”’ These agree with the type except that the darkly pigmented 
areas, especially those of the abdomen, are much enlarged and also the 
metathoracic wings have dark spots in the disks due to the infuscation 
of the cross veins. These specimens apparently are merely dark individ- 
uals of H. venusta. Species of Hexagenia are notorious for the amount of 
individual and specific variability they display, and it is quite inadvisable 
to create a new subspecies unless adequate series are available. 


Iron longimanus Eaton 


Epeorus n. g. Eaton, Ent. Month. Mag., vol. 18, p. 26, 1881. 
Iron longimanus Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 245, 1885. 

Needham, Traver, Hsu, etc., Biology of Mayflies, p. 406, 1935. 

Iron proprius Traver. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 408, 

1935. 

Eaton based his species upon specimens from “Colorado,” repre- 
sented in the McLachlan collection by seven male imagoes, all labeled 
“Colorado.” The present concept of this well known and common 
western species is correct. I have designated one of the syntypes as the 
lectotype. 


Cinygma integrum Eaton 


Cinygma integrum Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 248, 1885. 

Needham, Traver, Hsu, etc., Biology of Mayflies, p. 367, 1935. 

Eaton based his species upon material from the “Washington Ter- 
ritory and Mt. Hood, Oregon.’’ It is represented in the McLachlan 
collection by 2 o& imagoes, 2 2 imagoes, and 1 ? subimago from “Mt. 
Hood” and 1 o imago and 1 oc subimago from the ‘‘Washington Ter- 
ritory.”’ I have designated a male from Mt. Hood as the lectotype. 
Utilizing this lectotype, Eaton’s description can be supplemented as 
follows: 
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Clypeal area smoky brown; an ochreous band from the dorsal end 
of carina, running below antennal fossae laterally. This line becomes 
narrower laterally. Antennae smoky brown with lighter colored fossae; 
vertex and areas around ocelli rufous brown; a bright ochreous area 
contiguous with compound eye on level of median ocellus. Meta- 
thoracic femur with two indistinct dark bands instead of “single indis- 
tinct dark band beyond the middle.” 

Cinygma integrum is closely related to the lighter colored C. dimicki 
McD., from which it can be distinguished by the darker coloration of 
its abdomen. Traver (1935, fig. 99) presents drawings of the genitalia of 
specimens which she associates with these two species. The genitalia of 
a syntype, when cleared and stained, agree with Traver’s figure of 
dimicki rather than with her figure of integrum. In studying the syntype, 
I observed no postero-ventral spines such as Traver has indicated in her 
drawings, but Dr. McDunnough, in private communication, informs me 
that his prepared genitalic specimens of integrum do show these minute 
spines when observed under very strong light. Perchance re-study of 
the syntype will show the spines to be present. McDunnough’s figure 
of the genitalia (Canad. Ent., vol. 58, Pl. 3, fig. 10, 1926) is more typical 
for the species than is that of Traver. 

A comparison of recently collected and identified material with the 
type shows the present concept of C. integrum to be correct. 


Cinygmula mimus (Eaton) 


Cinygma mimus Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 249, 1885. 
Cinygmula mimus (Eaton). McDunnough, Canad. Ent., vol. 65, p. 121, 1933. 

Needham, Traver, Hsu, etc., Biology of Mayflies, p. 389, 1935. 

Eaton described the species from individuals that had been collected 
in “Colorado” and “Manitou, Col.’”’ The species is represented in the 
McLachlan collection by six male imagoes from “Colorado.”’ Eaton 
indicated that the coloration of abdominal segments 2-7 was “light 
purplish brown’ in some specimens and ‘‘madder brown” in others. 
The lectotype that I have selected is of the latter color. The genitalia 
of a syntype, when cleared and stained, agree with McDunnough’s 
figure (Canad. Ent., Vol. 56, p. 114, fig. 7, 1924). The concept of the 
species as given by McDunnough and Traver is correct. 


Cinygmula par (Eaton) 


Cinygma par Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 249, 1885. 
Cinygmula par (Eaton). McDunnough, Canad. Ent., vol. 65, p. 75, 1933. Need- 

ham, Traver, Hsu, etc., Biology of Mayflies, p. 589, 1935. 

Eaton based the species on specimens from ‘“‘Arizona.’”’ There are 
in the McLachlan collection eight males from ‘Arizona’ that are 
labeled as belonging to Cinygmula par. All except one have the abdo- 
mens collapsed. The single exception must have been the specimen 
Eaton utilized for his description, since only its tergites show the “three 
longitudinal linear streaks.’”’ I have designated it as the lectotype. The 
genitalia of a syntype (fig. 4) are close to those of C. confusa McD. and 
C. hyalina McD. Traver’s figure (1935, fig. 103) is not typical, probably 
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because certain membranous areas of the penes were destroyed in the 
preparation of her mount. 

Eaton’s description is adequate and correct. Recently collected 
material from Colorado, apparently belonging to this species, is much 
more darkly pigmented than are the types. Typically C. par (Eaton) 
is a southwestern species that has a large component of brown and 
yellowish brown in its coloration rather than the purplish brown of 
more northern specimens. 


Ironodes geminatus (Eaton) 


Cinygma geminatum Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 250, 

1885. McDunnough, Canad. Ent., vol. 65, p. 75, 1933. 

Ironodes geminatus (Eaton). Traver, Canad. Ent., vol. 67, p. 31, 1935. Needham, 

Traver, Hsu, etc., Biology of Mayflies, p. 418, 1935. 

Eaton based the species upon specimens from the ‘‘Washington 
Territory,” ‘‘California,’’ and “Arkansas Canon, Col.’’ The specimens 
from the latter locality belong to the Museum of Comparative Zoology. 
The species is represented in the McLachlan collection by 1 2 imago, 
6 9 subimagoes, and 7 o subimagoes from the ‘‘Washington Territory,” 
1 o& subimago from “Mt. Hood” and 1 9 subimago which is labeled 
“California Walsingham.” I have designated the female imago as the 
lectotype. Eaton’s description of this specimen can be supplemented 
as follows: 

General color bright yellow; tibio-tarsal joining, the tarsal joinings, 
and the femur of fore leg a slightly darker yellow than the remainder of 
the leg; joinings of abdominal tergites darkened due to the infuscation 
of bister into the yellow ground color; remainder of abdomen and all of 
thorax bright yellow; seven costal veins before bulla; three cross veins 
in bullar area, not crowded; fifteen cross veins beyond bulla. Length 
female imago, 5 mm.; length mesothoracic wing, 7 mm. 

A comparison of the subimago males with the female indicates that 
Eaton’s association of the individuals of the two sexes is correct. 
Traver’s decision that geminatus belongs to Ironodes is also clearly 
correct. This was further confirmed by clearing and staining the 
genitalia of a male subimago. 

The species can be separated from J. nitidus by its small size and 
bright yellow coloration. It is closely related to /. lepidus but the 
males of geminatus lack a small spine-like structure at the apex of each 
division of the penes. 


Ironodes nitidus (Eaton) 


Iron nitidus Eaton, Revisional Mono. Rec. Ephemeridae, part 4, p. 246, 1885. 

McDunnough, Canad. Ent., vol. 56, p. 129, 1924. 

Ironodes nitidus (Eaton). Traver, Canad. Ent., vol. 67, p. 31, 1935. Needham, 

Traver, Hsu, etc., Biology of Mayflies, p. 419, 1935. 

Eaton described the species from specimens that had been collected 
on “Mt. Hood, Oregon” and in “California.” It is represented in the 
McLachlan collection by 7 co imagoes and 2 9 imagoes from “Mt. 
Hood,” as well as by 1 9 imago from ‘“‘California.’’ This last specimen 
belongs to J. californicus Banks. The Mt. Hood specimens agree well 
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with Eaton’s description. One male is paler than the others and repre- 
sents Eaton’s variation. The genitalia of a syntype (fig. 3) differ from 
those shown by Traver (1935, fig. 108), perhaps due to the fact that the 
penes of Traver’s specimen had become somewhat distorted. Note, 
moreover, that the spines are on the medial surface of each division of 
the penes rather than on the ventral surface as Traver shows them. 
This medial surface is membranous. At the mediodistal end of each 
arm of the penes is located a small, round seminal opening. 

Eaton’s description is adequate and the present concept of the 
species is correct. 


Ameletus dissitus Eaton 


Ameletus dissitus Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 210, 1885. 
McDunnough, Canad. Ent., vol. 61, p. 174, fig. 11, 1929. Needham, Traver, 
Hsu, etc., Biology of Mayflies, p. 452, 1935. 

Eaton based the species upon material from California. In the 
McLachlan collection are four male imagoes labeled ‘California 
Edwards.” These, Eaton’s types, are in a poor state of preservation, 
apparently having been damaged before Eaton received them. It is 
easily possible, however, to determine which specimen Eaton’ utilized 
for his description, and this individual I have designated as the lectotype. 
It is whole except for the loss of the left metathoracic wing, both 
mesothoracic wings, and one cerci. 

The genitalia of one of the syntypes, when cleared and stained, agree 
with McDunnough’s figure (1929). Comparison of the lectotype with 
recently collected and identified individuals which Dr. McDunnough 
had loaned me showed that the present concept of the species as given 
by McDunnough and Traver is correct and adequate. 


Ameletus exquisitus Eaton 


Ameletus exquisitus Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 212, 
1885. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 453, 1935. 
Eaton’s specimens of A meletus exquisitus came from the ‘‘Washing- 

ton Territory” and ‘‘Mt. Hood.” The species is represented in the 

McLachlan collection by three male imagoes from the “Washington 

Territory” and a much smaller individual from ‘Mt. Hood.” The 

latter belongs to Ameletus suffusus McD. Thus the three larger males 

are Eaton’s syntypes. From Eaton’s description, it is possible to iden- 

tify the specimen upon which the original description was based, and I 

have designated it as the lectotype. Using the lectotype, Eaton’s 

description can be supplemented as follows: 

Head blackish with lightly colored areas at base of antenna, lateral 
to antennal fossae and in the middle of the vertex. Mesonotal areas 
lateral to the scutellum pitch brown; anterior end of metanotum brown- 
ish ochreous; thoracic pleurae pitch brown except for the elevated areas 
which are ochreous; thoracic sterna blackish brown; genitalia (fig. 8) 
similar to those of A. falsus McD.; mesothoracic wing length, 15 mm. 

A. exquisitus, as shown by the coloration and the genitalia, is related 
to A. falsus McD. from which it can be separated by its large size. 
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Subsequent collecting may show that these two are geographical 
subspecies. 


Ameletus subnotatus Eaton 


Ameletus subnotatus Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 211, 

1885. McDunnough, Canad. Ent., vol. 60, p. 9, 1928; Canad. Ent., vol. 63, 

p. 89, 1981. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 457, 1935 

{partim, nec. fig. 117]. 

Eaton described the species from material collected in ‘‘Colorado.’ 
Four 2 imagoes, 1 o& imago, and 1 o& subimago from “Colorado” 
represent the species in the McLachlan collection. I have selected the 
male imago as the lectotype. Eaton’s description can be supplemented 
as follows: 

co imago—Antennae and the clypeus deep brown; frontal area 
rufous brown with antennal fossae lighter colored; vertex pitch brown 
with rufous central area. Within the dorsal “longitudinal stripe”’ of 
the abdomen are submedial pitch brown dashes which extend pos- 
teriorly from the anterior edges of the tergites. Genitalia as in 
figures 5 and 7. 

9 imago—Antennae and clypeus brown, shading to pitch brown on 
the medial carina and the areas lateral to it; a rufous brown stripe runs 
posteriorly from each dorsal ocellus and ends on rear margin of head; 
the areas between these lines and the compound eyes ochreous. These 
ochreous areas extend anteriorly and surround the median ocellus and 
the antennae. Ganglionic markings visible on the venter of abdomen. 
Abdomen collapsed and somewhat discolored. 

The species can be readily identified by its unique genitalia. Spec- 
imens from Lethbridge, Alta., loaned to me by Dr. McDunnough, agree 
closely with the types. Traver’s figure (1935) of the genitalia is not that 
of the true subnotatus but of another species apparently allied to A. 
exquisitus and A. falsus. 


, 


Siphlonurus occidentalis Eaton 


sa occidentalis Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 218, 
85. 
[non] Heptagenia brunnea Hagen |partim], Ann. Rept. U. S. Geol. and Geo. Sur. 

Terr., part 3, Zool., 581, 1875. 

Siphlonurus occidentalis Eaton. Needham, Traver, Hsu, etc., Biology of Mayflies, 

p. 473, 1935. 

Eaton based his species mainly upon specimens from Colorado 
which are in the McLachlan collection. He had available other individ- 
uals from Washington, Nevada and Wyoming. The species is repre- 
sented in the McLachlan collection by 7 o& imagoes, 2 9 imagoes, and 
1 2 subimago from “Colorado,” 2 o imagoes and 6 2 imagoes from 
the “Washington Territory,” and 1 2 imago from “Mt. Hood.” I 
have selected one of the males from Colorado as the lectotype, and 
consider all the others except the Mt. Hood specimen as syntypes. 

Study of the types, aided by a cleared and stained mount of the 
genitalia of one of the syntypes from Colorado, shows the present concept 
of the species as set forth by Traver to be correct. The variations that 
Eaton listed are easily seen and represent, as he indicated, individual 
rather than specific differences. 
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Siphlonurus typicus Eaton 
Siphlurus typicus Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 222, 1885. 
Siphlonurus typicus Eaton. McDunnough, Occ. Papers, Boston Soc. Nat. Hist., 

vol. 5, p. 75, 1924. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 477, 

19. 

Siphlonurus berenice McDunnough, Canad. Ent., vol. 55, p. 49, 1923. Needham, 

Traver, Hsu, etc., Biology of Mayflies, p. 468, 1935. 

Eaton based his description of the species upon material from 
“Denham, Mass.,’’ and from ‘“‘Worcester, Mass.” The latter belongs to 
the Museum of Comparative Zoology. The species is represented in the 
McLachlan collection by 2 o& imagoes and 4 2 imagoes from ‘‘Den- 
ham, Mass.’’; 1 o& imago, 2 2 imagoes, and 1 9 subimago from ‘“‘North 
America,’’ and 1 o& subimago from ‘‘Mt. Washington.” I have desig- 
nated a male imago from “Denham, Mass.” as the lectotype and 
consider only the specimens from that locality as the syntypes. 

Eaton’s description, although detailed, is not as clear and concise 
as it might be. Especially misleading is the statement: “‘Wings vitreous, 
with a small brownish cloud along the axillar fold of the hind wing.” 
This statement has confused subsequent workers. The types do have a 
very small, faint infuscation in the area where the anal veins meet. 
Such an infuscation, however, is found in most species of Siphlonurus. 
Eaton (1885, p. 219) described S. alternatus fully without mentioning 
such a pigmented area even though it is clearly present. 

Careful study of the type, aided by the cleared and stained genitalia 
of one of the syntypes, and comparison with recently identified spec- 
imens clearly show that S. berenice McD. is a synonym of S. typicus 
Eaton. If allowance is made for fading, the lectotype and the other 
syntypes fit the description of S. berenice as given by Traver (1935). 


Isonychia intermedia (Eaton) 
Chirotonetes intermedius Eaton, Revisional Mono. Rec. Ephemeridae, part 3, 

p- 207, 1885. 

Isonychia intermedius (Eaton). McDunnough, Canad. Ent., vol. 63, p. 157, 1931. 
Isonychia intermedia (Eaton). Needham, Traver, Hsu, etc., Biology of Mayflies, 

p. 491, 1935. 

Eaton based his species upon material from “‘Arizona.”’ It is rep- 
resented in the McLachlan collection by a single male imago from 
‘‘Arizona.’”’ Eaton’s description is accurate except that the ‘‘very small 
indistinct spot or abbreviated streak in the middle of the base” of each 
tergite actually is quite distinct on segments 6-10, inclusive. Eaton’s 
use of relatively low power magnification is probably responsible for this 
discrepancy. The genitalia (fig. 2) indicate that the species is a close 
relative of J. sicca. The distinctive color pattern separates J. intermedia 
from all other known species. 


Isonychia sicca manca Eaton 
Isonychia manca Eaton [partim, nec male imago and subimago], Trans. Ent. Soc. 
Lond., part 1, p. 184, 1871. Needham, Traver, Hsu, etc., Biology of Mayflies, 
p. 492, 1935. 
Chirotonetes mancus (Eaton), Revisional Mono. Rec. Ephemeridae, part 3, p. 206, 
1885. 
Isonychia sicca manca Eaton. McDunnough, Canad. Ent., vol. 63, p. 160, 1931. 


On material from ‘‘Texas”’ Eaton described the species. In 1885 he 
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indicated that the males he had described in 1871 really belong to 
Ameletus dissitus Eaton. At the same time he included a ‘‘Montana”’ 
specimen in manca. I. manca is represented in the McLachlan collec- 
tion by 10 9 subimagoes and 10 2 imagoes from “West Texas, Bel- 
frage,”’ and by 1 2 imago from “Montana.” The last mentioned spec- 
imen belongs to campestris McD. rather than to manca Eaton. I have 
designated an imago of the original syntypic series as the lectotype. 

Comparison of recently collected material with the type shows that 
the present concept of this subspecies as given by McDunnough (1931) 
is correct. 


Paraleptophlebia gregalis (Eaton) 
Leptophlebia gregalis Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 98, 

1884. McDunnough, Canad. Ent., vol. 56, p. 221, 1924; Canad. Ent., vol. 58, 

p. 297, 1926. 

Paraleptophlebia gregalis (Eaton). Needham, Traver, Hsu, etc., Biology of 

Mayflies, p. 521, 1935. 

The species was described by Eaton from material collected on ‘‘Mt. 
Hood, Oregon.”’ It is represented in the McLachlan collection by 15 ¢ 
imagoes, 1 9 imago,7 2 subimagoes, and 1 o& subimago, all from ‘Mt. 
Hood.” The male subimago and six of the female subimagoes do not 
belong to gregalis. I have designated one of the male imagoes as the 
lectotype. Eaton’s description of the male can be supplemented as 
follows: 

Longitudinal veins posterior to the radius almost hyaline; costa, 
subcosta, and radius brown. Abdomen mostly brown with the joinings 
opaque; segment one completely brown; tergites 2-7, inclusive, with a 
double row of sub-medial piceous dashes; anterior borders of the tergites 
2-7 narrowly semi-hyaline and these semi-hyaline borders partly sur- 
round the submedial piceous dashes. Sternites 2-7, inclusive, brown 
with narrow semi-hyaline anterior borders. Segments eight and nine 
opaque with the tergites tinged with yellow; sternites eight and nine 
yellowish brown. First segment of genital forceps tapers sharply near 
base, then parallel for a distance, and finally the last one-third tapers 
gradually. Penes (fig. 6) with seminal openings at tips of recurved 
processes. 

P. gregalis is extremely closely allied to invalida McD. and sculleni 
Trav. They will probably all prove to be geographical subspecies 
Traver’s figure of gregalis (1935, fig. 133) is not — enough to be 
helpful in the separation of the species from its relatives 


Paraleptophlebia praepedita (Eaton) 

Leptophlebia praepedita Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 99, 

1884. 
Paraleptophlebia praepedita (Eaton). Needham, Traver, Hsu, etc., Biology of 

Mayflies, p. 527, 1935. 

Eaton based the species upon material from “Denham, Mass.” It 
is represented in the McLachlan collection by 6 o& imagoes and 3 9? 
subimagoes from ‘“‘Denham, Mass.,’”’ as well as by 11 co imagoes and 
1 o& subimago from ‘‘N. America.’”’ I am considering only the Denham 
material as being syntypic, and have designated one of the males as the 
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Dorsal view of penes of Blasturus gravastellus Eaton. 
Ventral view of genitalia of Jsonychia intermedia Eaton. 
Ventral view of genitalia of Iron nitidus Eaton. 

Dorsal view of genitalia of Cinygmula par Eaton. 
Lateral view of genitalia of Ameletus subnotatus Eaton. 
Dorsal view of penes of Paraleptophlebia gregalis Eaton. 
Dorsal view of genitalia of Ameletus subnotatus Eaton. 
Dorsal view of genitalia of Ameletus exquisitus Eaton. 
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lectotype. Recently collected and identified material corresponds 
exactly with the lectotype. The present concept of this well known 
species 1S correct. 


Paraleptophlebia rufivenosa (Eaton) 
Leptophlebia rufivenosa Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 99 

1884. McDunnough, Canad. Ent., vol. 56, p. 221, 1924. 

Paraleptophlebia rufivenosa (Eaton). Needham, Traver, Hsu, etc., Biology of 

Mayflies, p. 528, 1935. 

Eaton based the species upon material from ‘‘Mt. Hood,” the “‘Wash- 
ington Territory” and ‘‘S. Raphael, Cal.” It is represented in the 
McLachlan collection by 3 2 imagoes from Mt. Hood and 2 9? sub- 
imagoes and 1 9 imago from the “Washington Territory.” I have 
designated a female imago from Mt. Hood as the lectotype. 

Two of the Washington specimens, the imago and one subimago, 
are smaller than the others. With the exception of the size and the 
pterostigmal veins, they do not differ from the other syntypes. The 
present concept of the species as given by McDunnough (1924) and 
Traver (1935) is correct. 


Paraleptophlebia vaciva (Eaton) 
Leptophlebia vaciva Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 97, 1884. 

McDunnough, Canad. Ent., vol. 58, p. 296, 1926. 

Paraleptophlebia vaciva (Eaton). Needham, Traver, Hsu, etc., Biology of May- 

flies, p. 530, 1935. 

Eaton based the species on material from Mt. Hood, Oregon. It is 
represented in the McLachlan collection by thirteen male imagoes which 
are labeled either ‘“Mt. Hood”’ or ‘Mount Hood.”’ I have designated 
one of these as the lectotype. Eaton’s description is adequate. The 
present concept of the species as set forth by Traver (1935) is correct. 


Blasturus gravastellus Eaton 
Blasturus gravastellus Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 102, 

1884. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 537, 1935. 

The species was based upon specimens from ‘‘Montana,”’ and is 
represented in the McLachlan collection by 3 o& imagoes, 4 9 imagoes, 
and 1 2 subimago from “‘Montana.”’ I have designated one of the male 
imagoes as the lectotype. The male genitalia (fig. 1) are similar to those 
of B. cupidus (Say). Study of the types leaves no doubt that cupidus 
and gravastellus are closely allied. Eaton’s description of the type is 
accurate and the concept of the species as given by Traver is correct. 


Ephemerella grandis Eaton 
Ephemerella grandis Eaton, Revisional Mono. Rec. Ephemeridae, part 2, p. 128, 

1884. Needham, Traver, Hsu, etc., Biology of Mayflies, p. 601, 1935. 

The species was based by Eaton upon material from “Colorado” 
and ‘‘The Geysers, Yellowstone, 4th May.” The latter belongs to 
the Museum of Comparative Zoology. ££. grandis Eaton is represented 
in the McLachlan collection by 2 9 imagoes and 1 9 subimago, all 
from Colorado. The two imagoes, as Eaton indicated, show some 
variation, one being much more ochreous in color than is the other. 
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The color pattern, however, is identical in both individuals. I have 
designated the more ochreous specimen as the lectotype. Comparison 
of the syntypes with recently collected material shows that the species 
is rather variable in the intensity of its coloration. Eaton’s description 
is adequate and the concept of the species, as set forth by Traver (1935), 
is correct. 
Tricorythodes explicatus (Eaton) 

Tricorythus explicatus Eaton, Biol. Centr.-Amer., Ephem., p. 11, 1892. 
Tricorythodes explicatus (Eaton). Kimmins, Ann. and Mag. Nat. Hist., Ser. 10, 

vol. 14, p. 346, 1934. Needham, Traver, Hsu, etc., Biology of Mayflies, 

p. 634, 1935. 

Kimmins (1934) has designated the lectotype of the species. The 
original material was collected in ‘“‘N. Sonora, Mexico.’’ This species 
is closely related to the northern 7. fallacina McD. and the far western 
T. fallax. It is distributed in the southwestern part of the United 
States and extends as far north as Yellowstone Park, Wyo. The 
present concept of the species is correct. 


Callibaetis montanus Eaton 
Callibaétis montanus Eaton, Revisional Mono. Rec. Ephemeridae, part 3, p. 196, 

1885; Biol. Centr.-Amer., Ephem., p. 15, 1892. Needham, Traver, Hsu, etc., 

Biology of Mayflies, p. 668, 1935. 

Eaton based the species upon material from “Aceytuno (5100 ft.).” 
Aceytuno or Aceituno was a plantation near Guatemala City, 
Guatemala. The species is represented in the McLachlan collection 
by three female imagoes which are labeled ‘‘Aceytuno 5100.”’ There 
is also a specimen, labeled ‘Amazon Forest 1554,”’ which may belong 
to the species, but which I have not considered as a syntype. The 
three syntypes are in a poor state of preservation. I have designated 
one of them as the lectotype. Eaton’s description can be supplemented 
as follows: 

The distal third of first antennal joint fuscous, and the basal two- 
thirds much lighter; second antennal joint fuscous; base of flagellum 
light with remainder fuscous; frontoclypeal area light brown; vertex 
fuscous. Eaton’s drawing of the wing (1885, fig. 28d) is excellent. 
Note that the infuscation is of three distinct intensities, i. e., intense 
infuscation behind the subcosta, much less intense before the subcosta 
(the costal area) and intermediate between these two in the base of the 
wing. None of the specimens shows ‘seven rudimentary” cross veins 
in the pterostigmal area. All cross veins are simple. One specimen 
has twenty-five cross veins behind the vittae and another has thirty-five. 


Callibaetis pictus (Eaton) 
Baétis pictus Eaton, Trans. Ent. Soc. Lond., part 1, p. 122, 1871. 
Callibaétis pictus (Eaton), Ent. Mon. Mag., vol. 17, p. 196, 1881; Revisional Mono. 

Rec. Ephemeridae, part 3, p. 195, 1885. Needham, Traver, Hsu, etc., Biology 

of Mayflies, p. 671, 1935. 

Eaton (1871) based this species upon material from ‘‘Texas.”’ In 
1885 he concluded that the species was ‘“‘widely distributed in the 
southern parts of N. America” and listed specimens from California, 
Texas, and Guatemala as belonging to C. pictus. The McLachlan 
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collection has material from ‘‘Aceytuno 5100,” ‘‘“Guatemala 5000 ft.,”’ 
“California Edwards,” ‘Texas,’ ‘Bosque Co. Belfrage,’’ ‘Texas, 
Belfrage,”’ and “Colorado” which are included in C. pictus. Inspection 
of the material showed that the Colorado specimens were what Eaton 
had when he described an unnamed new species of Callibaétis (Mono- 
graph, p. 195). The remaining individuals, all females except for one 
male from Texas, apparently belong to the same species. The fifteen 
specimens from Texas are labeled ‘‘Baétis pictus Etn.’”’ I am con- 
sidering them as the syntypes and have selected the single male as the 
lectotype. It is also the genotype of Callibaétis. 
Eaton’s description can be supplemented as follows: 

o imago.—Prothoracic notum pitch brown; mesothoracic notum 
light pitch brown posteriorly and lighter anteriorly; metathoracic 
notum light pitch brown. Pleurae with ochreous elevated areas and 
brown depressed areas. Longitudinal veins of mesothoracic wings 
light brown except for the radius and subcosta which are transparent 
in the basal two-thirds; cross veins faintly pigmented; costal area with 
seven cross veins, three incomplete and four complete. Entire wing 
has thirty-four cross veins, of which twenty-two are behind the vitta. 
All marginal areas of wing from the subcosta to the cubitus, inclusive, 
with paired intercalaries. Venation of metathoracic wing wholly light 
brown. Metathoracic leg mostly pale yellow, the tibia and tarsus 
lighter than the femur; four longitudinally distributed brown spots on 
femur; areas on coxa, as well as the base and apex of tibia, the tarsal 
joinings and claws light fuscous. Abdomen closely punctulate with 
dark red brown. In addition to the punctulations, there is on each 
sternite a pair of light brown submedial longitudinal dashes and a pair 
of small deep fuscous spots in the anterolateral corners. Tergites 
mostly dark brown except for the following light areas: (1) posterolateral 
corners of tergites two to nine, inclusive; (2) a medial dash and two 
subdorsal spots on the anterior half of tergite five; (3) the fusion of 
these three areas in tergite six forming a ‘“‘W”’ which fills most of the 
dorsal part of the segment; (4) a medial dash in tergites seven, eight, and 
nine; (5) the posterior edge of tergite nine. Except in these light areas 
the punctulations are obscured. Cerci white, banded with dark gray. 

2 imago.—Pigmentation similar to that of the male except for a 
general tendency toward lighter coloration. Costal edge of meso- 
thoracic wing with brown clouds. In the distal part of the wing these 
extend behind the vitta. Costal cross veins more numerous than in 
male and evenly distributed ; longitudinal veins one to four with alternate 
light and dark areas. Abdominal color pattern somewhat as in male. 
A pair of piceous brown dashes just above lateral edge of each tergite, 
forming a dark longitudinal streak along the side of the abdomen; area 
of tergite lateral to dashes light; posterior edges of tergites light. 
Tergites five, six, nine, and posterior part of eight light. In some 
specimens tergites two, three, and four are light colored in the median 
area. Cerci as in the male, with darker joinings. 

There is considerable variation between females of the type series, 
especially in the coloration of the abdomen. 

Length of male imago, 7 mm.; mesothoracic wing, 7.5 mm. 

Length of female imago, 6.5 mm.; mesothoracic wing, 8 mm. 


PODAGRION MANTIS ASHMEAD AND OTHER 
PARASITES OF PRAYING MANTID EGG CASES 


(HYM.: CHALCIDOIDEA; DIPT.: CHLOROPIDAE) 


OsMoND P. BRELAND! 
University of Texas, 
Austin, Texas 


Podagrion mantis was first described by Ashmead (1886) 
from Jacksonville, Florida. He reported this species as having 
been reared from the egg cases of Mantis carolina. According 
to Ashmead, this was the first species of the genus Podagrion 
to be described from the United States. At the time, Ashmead 
stated that the habits of only one other species of the genus 
Podagrion were known. This species, Podagrion religiosus 
Westwood, had likewise been bred from the egg cases of praying 
mantids. Since the description of P. mantis, there have been 
additional species of this genus described from the United 
States and other parts of the world, and so far as known, all 
these species parasitize only the egg cases of various species 
of praying mantids. Needless to say, this condition represents 
a very high degree of specialization. 

Although P. mantis has been described for over 50 years, no 
one has to date made a detailed study of the insect’s biology 
and life history; and so far as the writer could determine, only 
incidental notes have been published in this country with regard 
to other parasites of mantid egg cases. 

The following are some of the earlier references dealing with 
mantid egg parasites: 

Ashmead (1885) described Eupelmus mantis as having been 
reared from mantid egg cases. 

Girault (1907) published a few interesting observations on 
P. mantis. 

Chopard (1922) published a detailed account of two European 
parasites of mantid eggs, Podagrion pachymerum Walk. and 
Rielia manticida Keiff. 


'1The writer wishes to express grateful appreciation to the following men who 
aided in determining the insects mentioned in this paper: Messrs. C. F. W. Muese- 
beck, A. B. Gahan, who determined the chalcidoids; A. B. Gurney, who determined 
the mantids and mantid egg cases; and D. G. Hall, who determined the Diptera. 
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In addition, there have been many incidental reports which 
stated that P. mantis had been reared from mantid eggs from 
various parts of the United States. 

Although the genus Podagrion has been assigned to various 
chalcidoid groups, most American workers at least consider 
that the genus should be placed in the family Callimomidae. 


HOSTS AND DISTRIBUTION OF PODAGRION MANTIS 


As this species is now recognized, it possesses a comparatively 
large range, and has been reported from several species of 
mantids. However, the possibility that further study will 
cause it to be broken up into a complex of several species should 
not be overlooked. The following table, while not complete, 
gives some indication of the hosts and wide distribution as 
reported in the literature: 


HOST DISTRIBUTION AUTHORITY 
Mantis carolina Say Jacksonville, Florida Ashmead 
Stagmomantis carolina L Myrtle, Georgia Girault 
1 enodera sinensis Sau Ocean View, N. J. Fox 
T. angustipennis Sau Ocean View, N. J Fox 
Stagmomantis limbata (Hahn Superior, Arizona Roberts 


Several additional authors have also reported P. mantis as a parasite 
of Stagmomantis carolina (Joh.). Probably Stagmomantis carolina L. as 
published by Girault was this same species. 

Mr. A. B. Gurney kindly examined specimens of the egg cases 
collected and has given assistance in mantid nomenclature. He states 
that Manitis carolina is considered a synonym of S. carolina. 

Since most of the egg cases submitted for identification were not 
associated with insects, some difficulty was encountered in their deter- 
mination. Some of these could thus not be determined with certainty. 
There were, however, definitely three species of mantid egg cases col- 
lected in the Austin region. The following determinations were given 
for these three species by Mr. Gurney: Stagmomantis carolina (Joh.), 
probably Stagmomantis limbata (Hahn), and possibly Brunneria borealis 
Scudd. 

In the Austin region, egg cases of S. carolina are by far the most 
common of these three species. In two years of collecting, only a very 
few cases of S. /imbata have been found in this locality. The egg cases 
of Brunneria borealis? are fairly common, but after a few initial collec- 
tions in 1938 these have not been collected to any great extent. So far 
no parasites have been reared from the egg cases of this species. The 
egg cases are found quite often attached to rather low weeds with a 
small diameter, in regions where the weeds are somewhat scattered. 
Sometimes they may occur on the smaller twigs of small bushes. 

To date, the writer has reared P. mantis only from the egg cases of 
S. carolina. In the laboratory, parasites occasionally oviposited or 
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attempted to oviposit in the egg cases of Brunneria borealis?, but no 
insects were reared from these attempts. 


METHODS 

Egg cases were collected and brought into the laboratory for exam- 
ination. If it was desired that the egg cases remain under outdoor 
conditions, they were placed in copper wire bags and put in window 
boxes; otherwise they were placed in copper wire or cloth bags and kept 
in the laboratory. 

For a study of the immature stages, egg cases were dissected, and the 
immature stages were put in watch glasses for examination or rearing. 
So far, the writer has not been able to rear the younger larval stages if 
they are removed from the egg cases. Even mature larvae showed a 
fair degree of mortality, either dying, forming abnormal pupae, or 
emerging as abnormal adults. A much greater mortality was experi- 
enced than apparently takes place in the egg case itself. This was 
possibly caused from injury to the larvae in removing them, or to other 
environmental factors not yet understood. Since, however, a large 
number of insects were used, a great many were carried through suc- 
cessfully to maturity. 

Data on adult insects were obtained by placing the living insects 
under bell jars or finger bowls on toweling paper. A few drops of 
water was placed daily on the paper, and the insects were fed drops of 
sweetened water or moistened dried fruit. 

For the experiments in which it was necessary to be positive that 
the experimental egg case was not parasitized, egg cases that had been 
deposited in the laboratory were employed. 

Several female mantids were collected in the fall, and these deposited 
several egg cases in the laboratory. Since it has been found that the 
life history of the parasite in the laboratory is about 30 days, there is 
some indication that egg cases collected in the field and kept in the 
laboratory without parasites emerging for over 30 days, may be assumed 
to be free from parasites. So far, however, the writer has had a chance 
to check only a few cases, so that this assumption may not be valid in 
all instances. Additional study may show that occasionally individuals 
may not develop even in the laboratory within 30 days. 

Although egg cases have been collected from many parts of the 
country, the biological work has been done primarily from eggs collected 
in the vicinity of Austin, Texas. During this study, several hundreds 
of egg cases have been collected and studied. Data have been collected 
during the fall and winter of both 1938-39 and 1939-40. 


METHODS OF COLLECTION 

The following account applies specifically to the egg cases of 5S. 
carolina. Possibly the methods would be successful for other species. 

In certain parts of the country at least, mantid egg cases are rel- 
atively easy to find if the mantids are at allcommon. Best results are 
usually obtained in spots that have comparatively few trees. Such 
spots frequently occur along most highways. Comparatively low bushes 
or trees such as hackberry, mesquite, willow, and the like usually yield 
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the best results. Although holey fence posts, under loose bark, and 
larger trees are sometimes favorite spots. Isolated clumps of Parkin- 
sonia sometimes yield large numbers of cases, but this condition varies 
considerably in this species of tree. Egg cases can be found best with a 
minimum of effort after at least some of the leaves have fallen from the 
trees. A case on a small twig thus forms a very noticeable enlargement. 
Many mantids apparently have a tendency to deposit their eggs in 
spots, which at the time of deposition, is at least partially protected, 
although many have been found in very exposed places. When the 
leaves fall, those cases in protected places are in many instances exposed 
to view. The writer has only rarely found an egg case on the top side 
of a limb. If the twig is not vertical, the eggs are practically always 
deposited on the under surface. Out of the hundreds of cases collected, 
possibly a half dozen exceptions to this rule have been found. 

In certain regions that are apparently ideal, one may have great dif- 
ficulty in finding a single egg case. Or in some instances, only old egg 
cases may be found. Although many more collections must be made 
before definite conclusions can be expressed, as to the cause of this, 
some factors that possibly influence mantid distribution may be men- 
tioned. Areas that are heavily cultivated, especially if most brush is 
cleared away, have so far not proved as satisfactory as those regions in 
which cultivation is not so intensive. Although even in this type of 
environment one may rarely find an isolated spot in which large numbers 
of cases may be found. In certain parts of southern Texas, the writer 
has sometimes not found a single egg case, old or new, for hundreds of 
miles, although collections were attempted on an average of every 10 
to 15 miles. In these regions, possibly rainfall, temperature, or both, 
may have some bearing on the problem. 

It is of course realized that until one collects exhaustively in a 
certain area, he cannot say positively that no mantids occur in that 
region. But under the conditions and in the regions mentioned above, 
the particular spots selected for collecting, either yielded no results or 
only an occasional egg case. 


LIFE HISTORY NOTES 


In the vicinity of Austin, there are presumably several generations 
of Podagrion mantis per year. The emergence dates seem to be in part at 
least dependent on the temperature. Preliminary investigations indi- 
cate that the development of the immature stages is definitely slowed or 
halted by placing the insects in the refrigerator. Upon emergence, the 
males have a tendency to stay either on the mantid egg case, or in the 
immediate vicinity. When the females emerge, the males attempt to 
mate. This first attempt may be successful but in some instances, the 
females will not react favorably until a day or so has passed. The 
females apparently either oviposit back in the egg case from which they 
emerged, or seek out other egg cases for oviposition. In the laboratory, 
females have been observed to oviposit in the egg cases from which they 
have emerged. 

In the fall, it is not known specifically at what time the mantids 
begin to deposit their eggs in the vicinity of Austin. Roberts (1937) 
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states that for Stagmomantis limbata, he has secured egg cases during 
the latter part of August and the first of September at Uvalde, Texas. 
In this vicinity, eggs are probably deposited about this time. 

In the fall, parasites have been observed to emerge in the field in the 
vicinity of Austin as early as October 30. No egg cases have so far 
been collected before this date, but after this time practically all col- 
lections of several cases will include at least some with parasite emergence 
holes. In addition to this observation, additional emergence dates are 
given below. These dates refer either to observed field emergence or to 
emergence in breeding bags in window boxes under outdoor conditions. 
Insects have emerged at the following representative dates: Dec. 9, 
Dec. 13, Jan. 6, Jan. 10, Feb. 8, Mar. 20, Mar. 30, and April 5. It has 
not so far been determined how late in the spring the insects may 
emerge, but from the above data it is apparent that the parasites emerge 
intermittently through the fall and winter. Emergence of insects may 
extend over several days. 

In the laboratory the life cycle of the parasite from egg to adult is 
usually less than 30 days. Adults placed with egg cases were kept 
with the egg cases for several days to insure infection. The females 
Oviposited intermittently during this period, usually more frequently 
during the first few days. Below are representative oviposition and 
emergence dates, all of which took place’ in the laboratory. The egg 
cases used had been laid in the laboratory. 


OVIPOSITION PERIOD EMERGENCE DATES 
38 to 11. 5.38 11.28.38 to 12. 1.38 

.38 to 11.18.38 12. 1.38 to 12.11.38 

38 to 12.16.38 1. 5.38 to 1. 8.38 
3.39 to 11.25.39 12.21.39 to 12.23.39 
.39 to 12.26.39 1.17.40 to 1 40 


3. 
). 


9 
9 


a 


The number of parasites emerging from individual egg cases varies 
considerably. Thus far, however, no mantid case has been found in 
nature, which strictly speaking, could be considered completely par- 
asitized. Dissected cases always showed a few apparently healthy 
mantis eggs. It is possible, however, that when the adult parasites 
emerge from the egg in the case of heavy parasitism, that the insects so 
injure the healthy mantis eggs that none of them will hatch. From egg 
cases collected in nature the writer has obtained the following emergences 
of parasites from individual cases: 4, 6, 19, 36, 42, 62. 

In the laboratory, when egg cases have been exposed to a large 
number of females for a long period, more than 50 insects frequently 
emerge and in one instance the writer has obtained 110 insects from a 
single egg case. In the latter instance it is probable that some of the 
insects emerging came from field oviposition, since this particular case 
was collected in the field and exposed to females after it had been kept 
in the laboratory for only a short time. In all probability, however, 
this number of parasites represents about the maximum that can be 
secured from a single egg case of S. carolina. Girault (1907) in a study 
of the eggs of this species found that the maximum number of eggs 
present in a single case was 115. Sometimes however, individual 
mantids deposit more than this number, since Rau (1913) recovered 140 
mantids from a single egg case. 


+ 
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Egg cases collected in the field, if they are parasitized, usually 
contain several stages of the parasite, indicating that females probably 
deposited eggs in the case at different times. 

Dissection of mantid eggs showed that the egg of the parasite is 
deposited on the inside of the cell containing the egg, but on the outer 
surface of the egg itself. After the egg of the parasite hatches and as 
the larvae grow, they remain outside the mantid egg membrane, and 
presumably obtain the food material through the egg membrane. Even 
when the larva approaches maturity it does not break through the egg 
membrane. As the larva grows, the amount of material in the mantid 
egg becomes less and less, and when maturity is reached, the empty, 
nearly complete membrane remains. As the membrane becomes dry, 
it may in some instances be broken after the larva becomes mature. 
Podagrion mantis is thus essentially an external parasite of the individual 
mantid egg. One mantid egg is sufficient to allow one parasitic larva to 
develop to maturity. There is no evidence that the larvae migrate from 
cell to cell, but once the egg is deposited in a particular cell, the resulting 
parasite remains there until it emerges as an adult. 

As has been reported previously, the adults of Podagrion mantis 
emerge from the side of the egg case, and these emergence holes are 
usually near or below the mid-lateral line. The writer has never seen 
one of these insects emerge from the top of the egg case in the region 
used by the emerging mantids. Rau (1913) states that these insects may 
emerge from the top as well as the sides of the case, and shows photo- 
graphs of emergence holes in both regions. The writer believes that the 
top emergence holes figured by Rau were made by a species of Eupelmus 
rather than by P. mantis. As will be indicated later, Eupelmus coccidis 
Girault apparently always uses this region for emergence. 

This characteristic emergence position of P. mantis is easily under- 
stood when one considers the somewhat amazing orientation of the 
larvae and pupae within the mantid egg cell. Even the younger stage 
larvae feed with their heads pointing toward the bottom of the case, and 
the pupae are formed in this position. Although the writer has dissected 
out hundreds of larvae and pupae, only a single specimen has been found 
that had the head pointed toward the top of the case. This particular 
insect was a mature larva when found, and later emerged in the lab- 
oratory as an apparently normal male. Experiments designed to see if 
this particular trait was a genetic factor failed, as the male was 
presumably sterile. 

The position that the larvae and pupae assume is the opposite to 
that reported for Podagrion pacymerum Walk. by Chopard (1922). 
He states that the pupae of this species occur in the case with their heads 
toward the top. But even in this species, the adults emerge from the 
sides rather than from the top of the case. 

Not only do the pupae have their heads pointed toward the bottom 
of the egg case, but their orientation with respect to the ends of the egg 
case is also rather definite. The two ends of a mantid egg case differ 
somewhat in that one is somewhat thicker than the other. According 
to Rau (1913) the mantid starts depositing the egg from the larger end. 
All pupae that have been observed, have their ventral surfaces toward 
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the small end of the case. There is some indication that the larvae feed 
in this position, but so far the writer has not had an opportunity to 
examine very many egg cases with this particular point in mind. Thus 
there may be exceptions to this rule as far as the larvae are concerned. 
The shape of the individual mantid egg cell may in part be responsible 
for this precision of pupal formation. The individual cells are slightly 
curved, and are placed in the case at a slight slant. The bottom portion 
of each cell is closer to the small end of the case, while the top portion is 
closer to the large end of the case. The mature larvae of P. mantis 
occupy nearly the complete cell. Since these insects have their heads 
toward the bottom portion of the egg case, the orientation of the body 
with the ventral surface toward the small end of the case would cause 
the ventral surface of the body to come in contact with the slight 
curvature of the egg cell. By curving the body somewhat to fit the 
curvature of the cell, the larva could thus most easily utilize the avail- 
able space within the cell. The pupa would thus naturally be formed in 
this position with the ventral surface toward the small end of the case. 

When the parasite becomes an adult, it gnaws its way out through 
the sides of the egg case, in some instances having to pass through the 
bottom of other egg cells. If the egg case has been removed from the 
substratum upon which it was originally deposited, the insects quite 
frequently emerge from the bottom of the case. The parasites make 
frequent use of the emergence holes made by insects that preceded them, 
and for that reason the number of emergence holes is not a specific indi- 
cation of the number of parasites that have emerged from a single egg 
case. So far the writer has not discovered how P. mantis passes the 
summer. 


OVIPOSITION 


The females of P. mantis oviposit quite readily in the laboratory. 
Copulation is not necessary to oviposition, since unfertilized females 
oviposit as readily as those that have been fertilized. Parthenogenetic 
eggs in all instances observed produced only males. In all the exper- 
iments, the females have not attempted to oviposit for a day or so after 
emergence. During this period, the insects would in most instances 
ignore the egg cases, although one or more females occasionally would 
crawl over the cases inspecting them with the antennae. 

The oviposition process is a very difficult one, and may require an 
hour or more for the female to get the ovipositor sufficiently inserted 
into the egg case. Instances have also been observed in which the 
females have failed to get appreciable penetration after nearly two 
hours of work. When the female gets ready to oviposit, she crawls over 
the surface of the case for some time inspecting it with the antennae. 
Once a suitable place is found, the female rises on the tips of the tarsi, 
and curls the ovipositor and valves under the body. In most cases 
observed, the valves as well as the tip of the ovipositor were applied to 
the surface of the case, although in some instances the valves may be 
released soon after actual insertion is started. 

Penetration is accomplished by rotation and by a short up and 
down movement of the ovipositor and sometimes of the abdomen. The 








106 Annals Entomological Society of America |Vol. XXXIV, 


abdomen is kept in almost constant vibration, and is sometimes moved 
slowly from side to side. If the valves remain applied to the surface of 
the case, the ovipositor is between the tips, and as the ovipositor is 
gradually inserted into the egg case, the valves become curled under 
the body. 

Once the ovipositor is completely buried, the insect ceases movement, 
and presumably deposits the egg. After a time, the ovipositor may be 
completely withdrawn, or it may be only partially withdrawn. In 
case of partial withdrawal, the boring process may be repeated with the 
ovipositor inserted at a different angle. Thus possibly several eggs are 
deposited through the same oviposition hole, but probably within 
different cells. To date, never more than a single egg has been found 
within a single cell, and not more than a single larva. 

After the female gets well started, she may be observed under the 
dissecting microscope without being disturbed. 

Although the position on the egg case that the female selects for 
Oviposition varies considerably, the orientation with respect to the 
long axis of the egg is rather precise, but not invariable. In practically all 
instances, the body of the female during oviposition is placed at right 
angles to the long axis of the case, and in most instances the head of the 
female is pointed toward the top portion of the egg case. Occasionally 
females have been observed to oviposit with their heads toward the 
bottom of the case, and rarely the body is not placed exactly at right 
angles to the long axis of the case. This usual oviposition orientation 


may influence the orientation of the larvae and pupae within the egg 
case. In many instances, three or four females have been observed to 


be ovipositing in the same case at the same time. 

In the laboratory, oviposition may continue practically uninter- 
rupted for days. One female was watched several times daily for 4 days, 
during which time a total of 16 notations were made. During this 
period, this female was ovipositing at every observation except one. 
After this 4 day period, one day intervened during which no observations 
were made, but were then continued for 6 additional days. During 
this second period the insect did not oviposit quite as continuously as 
previously, but did so many times. 

Individual females apparently have fair reproductive potentialities. 
Over 50 offspring have been obtained in two instances from individual 
females. 


NOTES ON IMMATURE STAGES 


The writer has so far not been able to determine the number of 
larval stages through which P. mantis passes, but a few observations on 
some of the stages may not be amiss. 

Egg: The eggs before and after deposition differ somewhat. The 
egg possesses a long stalk, and thus greatly resembles the eggs of certain 
species of Megastigmus (Callimomidae) Noble (1939) and of certain 
Encyrtidae of the type figured by Maple (1937). 

The ovarian egg possesses a small bulb at the distal end, but after 
deposition, this is not present. Perhaps the contents of the bulb are 
forced into the egg at oviposition, as has been suggested by Maple for 
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the egg of Odencyrtis johnsoni (Howard). Although a respiratory func- 
tion has been established in many cases for stalked eggs, the writer 
could not find any evidence that such is the case for the egg of P. mantis. 
Freshly hatched larvae have never been found attached to the egg stalk. 
Since the larvae of P. mantis are in reality external parasites, whatever 
respiratory potentialities the egg stalk might possess are not needed or 
used. As mentioned previously, all eggs discovered so far have been 
outside the mantid egg proper. 

Mature larva: The fully mature larva of P. mantis is about 3 mm. 
long, and occupies practically all the egg cell of the mantid. At this 
time, the contents of the mantid egg have been entirely eaten, or have 
dried completely. Usually the egg membrane can be found within the 
cell. Occasionally larvae in cells in which a small amount of the egg 
contents is still present have been reared to maturity. These larvae are 
slightly smaller than those that have apparently consumed all the 
mantid egg, and the resulting adults have in most cases been abnormal, 
especially as regards the ovipositor of the female. As indicated pre- 
viously, the larvae almost invariably have their heads pointed toward 
the bottom of the egg case. 

The body of the mature larvae is more or less covered with short 
setae that arise from little tubercles on the skin, although the anterior 
and posterior margins of the segments are relatively bare. The longest 
setae occur on the head in the form of two rather dense patches which 
extend from the antennae dorsally. The lateral and ventral parts of the 
head are relatively free of setae. 

The form of the body is somewhat cylindrical, with the posterior 
segments gradually tapering posteriorly. As seen from the dorsal side, 
the greatest diameter of the body occurs about one third of the distance 
from the anterior end. The last thoracic and the first two abdominal 
segments are from this angle, slightly the greatest in diameter of any of 
the segments. 

In the laboratory, the mature larval stage may last for several days. 

Before the mature larva pupates, the insect wiggles rather vigorously 
and convulsively for several hours during which time the meconium 1s 
passed. Gradually the wiggling stops, and the larva then passes into 
the prepupal stage. 

Prepupa: This stage lasts for several hours or possibly a day and is 
essentially quiescent. Even prodding will not in most cases bring forth 
any response. Morphologically this stage can be distinguished rather 
easily from the last larval stage. There is a pair of rather large swellings 
on the ventral surfaces of each of the thoracic segments. The posterior 
pair are the largest, and this causes a more definite division ventrally 
between the abdomen and the thorax than is true in the mature larval 
stage. These bulges are noticeably more yellow in color than the rest of 
the body. The constrictions between the thoracic segments ventrally 
and laterally are more evident than in the larval stages. The general 
appearance is somewhat bloated, and small longitudinal wrinkles are 
present dorsally on each segment. Toward the end of this period one 
can faintly distinguish the outlines of the developing compound eyes of 
the pupa through the skin of the first thoracic segment. This stage 
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gradually passes into the active pupation process. Toward the latter 
part of the prepupal period, movements in the abdominal region can be 
detected. The skin takes on a shiny appearance, and the bloated 
appearance becomes more pronounced. Movements of the prepupa 
become more rapid, and the pupa gradually emerges from the prepupal 
skin. 

Pupal period: Incomplete data indicate that the length of the pupal 
period varies considerably in the laboratory in both males and females. 
For males that were apparently normal, pupation time varied from 8 to 
14 days; for females, from 10 to 17 days. The longer periods for females, 
however, were passed through by pupae in which the ovipositor was 
slightly abnormal, and thus may not represent pupation time for normal 
individuals. 

Although there appears to be considerable variation in the length of 
the pupal period, the changes that take place externally are very con- 
stant as far as sequence of events are concerned. The most noticeable 
change is in the color of the pupa. At pupation, the pupae of both 
males and females are light yellow in color, but the color becomes 
darker yellow within a few hours. During the first few days, the most 
noticeable change that takes place is the gradual darkening of the eyes 
and ocelli. Not until these become relatively distinct is there any 
darkening of other parts of the pupa. After the eyes and ocelli become 
comparatively distinct, the first part of the body to become darker are 
the bases of the hind coxae. The dark color next becomes apparent in 
the region between the thorax and abdomen. Within a short time, the 
dorsal and lateral parts of the thorax and the hind femora. become 
darker. Very shortly the head begins to take on a darker color, and then 
the abdomen. The antennae, and in the case of the female the ovipos- 
itor, are the last portions of the body to assume the normal color of the 
adult. In the female, the ovipositor differentiates last. As the insect 
approaches the end of the pupal period, it may move somewhat, and 
usually very definite movement can be observed at the tips of the middle 
tarsi. In the laboratory, complete emergence usually required several 
hours or a day or so. Parts of the pupal skin may adhere to portions of 
the body for some time, and the insect may thus appear greatly abnormal 
for hours or even a day or longer. 


OTHER PARASITES 


In addition to Podagrion mantis, the writer has reared the following 
insects from egg cases of Stagmomantis carolina collected in the Austin 
region: Eupelmus coccidis Girault, Anastatus reduvii (Howard) (Eupel- 
midae), and Pseudogaurax sigmata (Lw.), (Dipt., Chloropidae). 

Eupelmus coccidis: The following statements regarding the nomen- 
clature of this species are based upon a communication received from 
Mr. A. B. Gahan: This species was first described as Eupelmus 
brevicauda Gahan (1910). In 1917, Girault in a private pamphlet 
(Descriptiones Stellarum Novarum) renamed the species Eupelmus 
coccidis. The name E. brevicauda Gahan was considered by Girault 
to be preoccupied by Cerambycobius brevicauda Crawford which Girault 
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transferred to the genus Eupelmus. Gahan at the time of the original 
description reared this species from mantid eggs. 

P. mantis and E. coccidis are by far the most numerous parasites 
obtained to date from mantid egg cases. The latter species differs 
considerably from P. mantis. 

All the larvae of this species examined so far occupied practically 
the entire egg cell, and the heads of the larvae have always been pointed 
toward the top of the egg case. The dissection work began about the 
first of November, and so far practically all larvae found have been in 
the last larval instar. A few somewhat smaller larvae have been found, 
but whether these represent instars earlier than the last or simply small 
last instar larvae is not known. 

So far as could be determined this species is also an ectoparasite of 
the individual mantid eggs, and apparently does not get into the egg 
itself. This could not be determined positively, since all the egg had 
been consumed in all cases examined. But in most instances, the mantid 
egg membranes were still present in the cells, and the mature larvae 
were definitely not inside them. The pupae are formed with their heads 
pointed toward the top of the egg case, and the adults emerge from the 
top of the case, boring holes in the area from which the young mantids 
emerge. So far no exceptions to this rule have been found. 

Quite often the same egg case may be parasitized by both P. mantis 
and £. coccidis. In some instances these two species of larvae may 
occupy adjacent cells, the larva of P. mantis with its head toward the 
bottom of the case, that of E. coccidis with the head toward the top. So 
far there is no evidence that either of these species ever parasitizes the 
other, or that either of them ever migrates through the egg case. 

The life history of E. coccidis has so far not been worked out in 
detail. The larvae, especially those collected early in the fall, do not 
react favorably to laboratory conditions. Many of these insects dis- 
sected out as mature larvae died without pupating. During 1939, 
although Eupelmus larvae were removed at the same time as the larvae 
of P. mantis beginning November 1, no insects pupated until Decem- 
ber 17, and these were from cases collected the latter part of November. 
It is possible that the larvae of E. coccidis require a certain amount 
of low temperature before successfully pupating. 

It is probable that there is more than one generation per year, since 
after November 1 practically all collections will yield some that have 
typical £. coccidis emergence holes, indicating that some of these insects 
have probably emerged. In the laboratory, adults of E. coccidis have 
emerged as early as the latter part of November (1938) which indicates 
that the time of emergence is in part at least dependent upon the 
temperature. 

Although some effort was made in 1938 to have E. coccidis oviposit 
in the laboratory, these efforts were not successful. In 1939, however, 
several females oviposited quite readily. 

This species as well as P. mantis will oviposit in the case from which 
they have emerged. The position selected for oviposition is the top of 
the case, the region used by the emerging mantids, and the region from 
which £. coccidis itself emerges. Oviposition in this species is a rel- 
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atively simple process. The abdomen is curled under the body, and the 
Ovipositor is applied to the surface of the case. The abdomen is then 
straightened somewhat, and the ovipositor is rather quickly thrust into 
the case. Presumably the top of the case is considerably easier to 
penetrate than the sides. The actual burying of the ovipositor takes 
only about 30 seconds. In some instances the insect almost imme- 
diately withdraws the ovipositor, moves to another part of the egg case, 
and repeats the process. At other times, however, once the ovipositor is 
buried, the insect remains in this position for some time, with the 
abdomen twitching spasmodically, before withdrawal. The longest 
observed time for the whole process was 16 minutes. Whether or not 
the insect deposits eggs during the shorter process is not known, but it is 
thought probable that actual oviposition takes place only during the 
longer periods. 

Anastatus reduvii: This insect has been encountered occasionally in 
dissections, and a few adults have been reared from egg cases. 

Anastatus reduvii was described by Howard (1880) as Eupelmus 
reduvii. Waterston (1923) redescribed this species and placed it in the 
genus Anastatus. 

This species differs materially from the two preceding species in that 
it is a true internal parasite, and all stages occur within the membrane of 
the mantid egg. The younger stage larvae are practically transparent, 
with a well developed tracheal system. In larger larvae that probably 
represent the next to last instar, 9 spiracles are present, although the 
insect is still surrounded by some of the liquid contents of the mantid 
egg. These spiracles are rather difficult to distinguish. 

In addition to the tracheal branches going to the spiracles, there 
are many branches from the two main tracheal trunks which run dor- 
sally and ventrally and break into finer branches. These branches are 
about as large as the branches going to the spiracles. Since the larva is 
still surrounded by some of the egg contents it is probable that the insect 
may respire through the skin even at this late stage, as has been postu- 
lated for many internal parasites. No respiratory mechanism such as 
the egg stalk by which the insect could obtain oxygen from the outside 
has as yet been found. This species has been recovered only from the 
outer tier of cells. 

The last larval instar is not transparent, and is more or less a typical 
chalcidoid larva. All larval instars are very difficult to dissect from the 
egg case without injury because of the extreme thinness of the larval 
skin. A mantid egg containing even a very young larva can easily be 
distinguished, since these eggs are noticeably darker in color than the 
normal egg. 

Mature larvae and pupae have always been found with their heads 
pointed toward the bottom of the egg case, and the adults emerge from 
the sides of the egg case, usually toward the bottom. 

The writer has not as yet had much opportunity to make detailed 
observation on this species in the laboratory, but a few incidental 
observations have been made. 

Several females have been seen to oviposit. Oviposition is much 
more difficult than for E. coccidis, since the sides of the case rather than 
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the top is used. The tip of the abdomen is curled under the body, the 
ovipositor is applied to the surface of the egg case, and within a short 
time the valves are released. The ovipositor is buried primarily by 
short regular up and down movements of the abdomen. Usually some 
time is consumed in this process, the insect sometimes requiring over an 
hour to get the ovipositor completely buried. In the few times that 
have been observed, this species oviposited in the lower portion of the 
side of the case. Whether or not this position is invariable is not known. 

Comparison of larvae: The last instar larvae of the three species of 
chalcidoids so far discussed, can be distinguished rather easily from 
each other. 

The last larval instar of P. mantis as indicated previously, practically 
always occur with their heads pointed toward the bottom of the egg 
case. The mandibles are weakly developed, and the body is rather 
densely covered with relatively short setae except at the segmental 
margins. The setae on the head are somewhat longer. They are external 
parasites, and are thus not surrounded by the egg membrane. 

The larvae of E£. coccidis occur in the egg cell with their heads pointed 
toward the top of the egg case. They thus differ from the other species 
of larvae studied. In addition, the mandibles are well developed, and 
relatively long setae are sparsely scattered over the head and anterior 
thoracic segments. These larvae are also apparently external parasites. 

The larvae of A. reduvii differ from the other two species in that 
they are internal parasites, and occur inside the egg membrane itself. 
The body is practically devoid of setae, and if dissected from the egg 
cell, these larvae have a tendency to form a definite hump with the 
anterior part of the body which includes the last thoracic and anterior 
abdominal segments. Within the cell the head is pointed toward the 
bottom of the egg case. 

Pseudogaurax signata: In addition to the chalcidoid parasites so 
far discussed, the writer has reared several specimens of this dipteron 
from mantid egg cases. This same species has also been reared from 
undetermined spider egg cocoons. 

The biology and life history of this species is as yet incompletely 
known. Larvae and puparia have been found within the individual 
mantid egg cells. Apparently the larvae of this insect attacks the mantid 
egg itself, rather than other species of parasites that may be present. 
Several immature larvae have been recovered in cells in which remains 
of the mantid egg were still present. None of these larvae were within 
the egg membranes itself. 

All mature larvae and puparia that have been examined have had 
the anterior end pointed toward the top of the mantid egg. The adults 
emerge from the top of the egg case in the region used by the emerging 
mantids and by E. coccidis. 

It is not known how or when the adults deposit the eggs. 


SUMMARY 


1. Certain biological facts have been presented for four 
species of mantid egg parasites: Podagrion mantis Ashmead, 
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Eupelmus coccidis Girault, Anastatus reduvii (Howard), and 
Pseudogaurax signata (Lw.) as observed in the vicinity of 
Austin, Texas, during the fall and winter of 1938-1939 and 
1939-1940. All these insects were reared from the egg cases of 
Stagmomantis carolina (Joh.). 

2. P. mantis is a true external parasite of the individual 
mantid egg, and this is probably true for E. coccidis. Anastatus 
reduvit (Howard), however, is an internal parasite, and all 
stages are passed within the mantid egg itself. 

3. The larvae and pupae of all the chalcidoid species orient 
themselves very definitely with respect to the top and bottom 
of the mantid egg case. The larvae of P. mantis and A. reduvit 
occur with their heads toward the bottom of the egg case; those 
of E. coccidis have their heads toward the top of the egg case. 
The respective pupae are formed with their heads pointed in the 
same direction as the larvae. The pupae of P. mantis form with 
the ventral surface toward the small end of the egg case. 

4. The adults of P. mantis emerge from the lateral and 
ventral portions of the egg case; while those of E. coccidis 
emerge from the top, using the same region as used by the 
emerging mantids. A. reduvii emerges from the sides of the 
case. 

5. There is no evidence that any of the chalcidoids discussed 
act as parasites of any of the other species; or that any of them 
migrate through the mantid egg case. All apparently complete 
their development from egg to adult either within or upon a 
single mantid egg. 

6. In the region of Austin there are several generations per 
year of Podagrion mantis, and the time of emergence is appar- 
ently dependent in part at least upon the temperature. 

7. Certain suggestions have been made for collecting mantid 
egg cases, and some factors that possibly influence mantid 
distribution have been mentioned. 

8. The adults of Pseudogaurax signata emerge from the top 
of the mantid egg case; the same region as that used by the 
emerging mantids and EF. coccidis. There is no evidence so far 
that P. signata ever attacks other parasites that may be present 
within the egg case. 
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NOTICE TO AUTHORS OF ARTICLES WHICH HAVE 
APPEARED IN THE ANNALS 


The Annals store room furnished by the Ohio State University is 
too crowded for further storage of the forty or fifty cases of cuts which 
have been used in printing the illustrations in the Annals. These are 
the property of the various authors who have paid for them. The Annals 
staff has stored and indexed these cuts to the year and issue, hoping 
they could be loaned for later use in other publications. About one 
such request for a cut or two is received in the course of two to five or 
more years. It is proposed to destroy them where the author is not 
enough interested to request them returned and to pay expressage for 
their return. The cuts of vols. I—X will be destroyed this spring, or we will 
be glad to give these cuts to each author requesting his, or to any 
responsible institution after authors have had the present opportunity 
to claim their own. We ask for any such blanket proposition. 

We dislike very much to destroy the cuts but storage would cost 
from four to eight dollars per month which the Annals cannot afford to 
pay.—The Managing Editor. 








BIOLOGY OF THE BLACK BLISTER BEETLE 
(COLEOPTERA: MELOIDAE)'” 


WILLIAM R. HorsFALt, 
University of Arkansas, 
Fayetteville, Arkansas 


The family Meloidae is best known among entomologists 
because of its hypermetamorphic development, but at the 
same time a lack of detail has caused some misunderstanding 
of this type of development. It is understood that each species 
has two or more larval types occurring in sequence, and that 
the larval stage wholly or partly is predacious on eggs of other 
insects. The combination of different larval forms and special- 
ized predatism has influenced various authors to express or 
imply a cause-and-effect relationship. For example, Packard 
(1883), in an article on the genealogy of insects, proposed this 
relationship when he said that in the meloid metamorphosis, 
we have a clue to the probable origin of the different types of 
coleopterous larvae, and that the changes in the Meiloidae 
typify the successive steps in the degradation of form which 
characterizes the series of coleopterous larvae from the Cara- 
bidae down to the Curculionidae and Scolytidae. Milliken 
(1921), and Ingram and Douglas (1932) have touched on this 
phase of the significance of the metamorphosis of this family. 

C. V. Riley (1878) has contributed much of the basis for 
our knowledge of the metamorphosis of the beetles belonging 
to the Meloidae. He stated that species in the genera, 
Macrobasis and Epicauta, are remarkable in that they pass 
through seven distinct stages (morphological forms) which he 
designated egg, first larva, second larva, coarctate larva, 
third larva, pupa, and imago. He further divided these so 
that each larval instar was named as follows: the first instar 
was called the triungulin, the second, third, and fourth instars 
comprising the second larva were named the caraboid, scara- 
baeoid, and ultimate larva respectively; the fifth instar was 
called the coarctate larva; and the sixth instar was designated 
the third or scolytoid larva. These names, together with 
Packard’s suggestion that the series represents a degradation 
of form, have confused the meaning of hypermetamorphosis. 


1Epicauta pennsylvanica (DeG.). 


“Research Paper No. 693, Journal Series, University of Arkansas. Approved 
for publication by the Director of the Arkansas Agricultural Experiment Station. 
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The purpose of this paper is to illustrate the essential 
features of the development of those species in the family, the 
larvae of which are predacious on grasshopper eggs. The black 
blister beetle has been chosen because it is typical of the species 
studied to date.* This account of both the biology and external 
morphology is based on observations made at Fayetteville, 
Arkansas, during 1938 and 1939. 


REARING METHODS 


Beetles were collected in the field and placed in cylindrical 
cages over three-gallon crocks of soil at the insectary. The 
soil was kept moist and was packed so that it provided both 
proper humidity in the cages and a site for oviposition. Food 
was changed daily so that fresh food was always available. 

Observations were made daily to determine if eggs had been 
deposited. When evidences of oviposition were observed, the 
beetles were transferred to a new cage, and the eggs were either 
removed to the laboratory or were left to hatch in place. Those 
that were transferred to the laboratory were put into tin boxes 
containing a layer of moist soil. 

Because the habits of the larvae change as they get older, 
cages and rearing methods were changed to provide suitable 
environment. For rearing larvae so that they could be observed 
whenever necessary, short sections of glass tubing were used as 
cages. One larva, together with ten or twelve fresh grass- 
hopper eggs, was placed in each tube, and tight cotton plugs 
in each end of the tube prevented the escape of the larva. 
Eggs were added as they were required so that food was always 
available. Several tubes, together with a moist block of plaster 
of Paris, were kept in a two-ounce tin box in an incubator so 
that favorable moisture and temperature conditions were 
maintained. At the end of the feeding period, the larvae 
were transferred to individual shell vials half filled with moist 
soil in order that they would be free to burrow and establish a 
transformation chamber. Those that transformed to resting 
larvae were placed in porous, fired-clay thimbles and were 
buried out of doors for the duration of the winter. In the 
spring, the larvae were again placed in shell vials as before. 
For mass rearing, the porous clay thimbles were used for the 
feeding cells. Each thimble was partly filled with fresh grass- 


%3Other species which have been reared by the author (1940) are Epicauta 
lemniscata Fab., E. callosa Lec., E. pardalis Lec., Macrobasis immaculata (Say), 
M. unicolor (Kirby), M. murina (Lec.), M. segmentata (Say), and Henous con- 
fertus (Say). 
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hopper eggs and inverted in a crock of moist soil. Each larva, 
as it finished feeding, was free to burrow downward and establish 
its resting chamber wherever it chose. 


ADULT 


Occurrence and Duration of Stage-—The adults of the black blister 
beetle begin emerging from the pupal chambers in the soil late in 
August, and they may be seen until mid-November in northwestern 
Arkansas. The peak of emergence is during the latter part of Sep- 
tember, so that this species appears later than all others in the same 
genus found here. Each individual spends two or three days in its 
pupal cell and about six weeks or longer above ground. The pre- 
Oviposition period requires the first two or three weeks of adult life, 
and each successive oviposition effort occurs at about weekly intervals. 

Food.—The adults are strictly pollen feeders. Furthermore, they 
seem to feed exclusively on the pollen of goldenrod and a small wild 
aster. Reared specimens have fed sparingly on heads of chrysanthe- 
mums and marigolds, but they died without ovipositing. Several 
attempts to feed the beetles on the flowers and leaves of various legumes 
and on the leaves of Irish potato resulted negatively. In one instance, 
beetles collected in the field were first given only leaves of the Irish 
potato followed a day or two later by flowers of their wild hosts. The 
beetles did not eat the potato leaves, but they fed readily on the golden- 
rod and aster flowers and later oviposited normally. 

Ovi position.—The eggs are deposited in compact masses in the soil 
at the bottom of a tubular cavity. Under cage conditions, the female 
usually begins the egg cavity at a place where the soil is relatively firm 
such as that near the wall of the cage, or sometimes she begins excavating 
in cracks or other depressions in the soil. All of the digging is done by 
the mandibles, and the removal of the soil is accomplished by the front 
legs acting as a drag. The pellets of soil are raked away from the 
opening, and they form a ring about one inch in diameter around the 
top. The complete tube on the surface looks like an enlarged entrance 
to an ant nest with the pellets of soil about the top. Usually the tubes 
are vertical with a depth about one inch, a shaft diameter about one- 
eighth inch, and a bottom diameter of about one-fourth inch. When 
the cavity is complete, the female emerges, and then she backs into the 
cavity and begins ovipositing. Within an interval of fifteen minutes, 
she lays her whole complement of eggs and withdraws from the cavity. 
Immediately, the beetle begins the final act of sealing the chamber. 
First, a plug of moist soil is scraped from the top of the tube and is 
carried in the mandibles down to the egg mass. It is placed so that it 
seals the bottom of the tube just above the egg mass. Time after time 
she backs out, gets a new ball of soil, and packs it into place. One 
may see, when the hole is nearly filled, that the female deposits the 
soil and tamps it in place with her head. When the tube is completely 
filled, all that remains to indicate its existence is a shallow depression 
marking the entrance and the ring of dried pellets of soil. 
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EGG 

The number of eggs found in each of eleven cavities varied from 
96 to 220 eggs with a mean number of 165.1 + 11.5 eggs. These were 
laid in compact, ovoid masses, composed of horizontal layers which 
conform to the walls of the chamber. 

Incubation—At a mean temperature of about 75° F., 504 eggs 
required from fourteen to eighteen days for incubation. The mean was 
14.83 + 0.004 days, and there was a marked tendency for the hatching 
to be concentrated on the fourteenth and fifteenth days under lab- 
oratory conditions. Under field conditions, hatching may be delayed 
until the following spring. Ninety-seven eggs laid on November 1, 
1939, placed in a tin box and buried under one inch of soil out of doors, 
seemed to be in good condition on March 1, 1940. This may indicate 
that eggs laid late in the season overwinter in this stage without injury. 


LARVA 

The larva is primarily predatory on eggs of various species of grass- 
hoppers, but certain secondary activities are performed also. Since the 
adult places its eggs wherever it happens to be, it first devolves upon 
the larva to find an egg mass of its host. Those larvae which chance 
upon suitable food develop rapidly and mature in a short time. At 
this point, a larva may transform to the pupa, or it may go through 
a resting and an active instar before the pupal stage. For the most 
part, the larva is subterranean, and all development beyond the first 
instar is necessarily below the surface of the soil. 

Feeding period.—After all of the eggs of a given mass have hatched, 
the larvae remain at the bottom of the egg tube for one or more days 
before they burrow to the surface and disperse. These crawlers or 
triungulins are particularly attracted to cracks, crevices, and depressions 
in the soil surface, although they may burrow directly into the surface 
of the soil. After a time, they either enter the egg pods of grasshoppers, 
or they continue to wander until they die. If conditions of temperature 
and moisture are favorable, those that find egg pods begin to feed within 
a short time. If, as is often the case, weather conditions become 
unfavorable, the larvae may remain quiescent throughout the winter 
and begin feeding when the temperature rises sufficiently in spring. 

Feeding as observed in glass tubes in the laboratory begins with a 
larva puncturing an egg with its sickle-shaped mandibles. From the 
puncture oozes the egg yolk which the larva sucks up until it is replete. 
One egg usually suffices for the first instar but sometimes the larva 
leaves the egg before feeding is completed. If such occurs, the larva 
punctures another egg and feeds as before. In no case has the first 
instar been observed feeding on solid foods as Riley (1878) reported for 
other species. Once the larva has begun to feed, its body enlarges, 
the sclerotized areas of the abdomen and thorax begin to spread apart, 
and the thin intersegmental and pleural membranes are stretched 
tightly between the plates. The body changes from linear to crescentic 
with the line of greater curvature along the dorsum (PI. I, fig. 2). In 
this condition, the larva moves awkwardly or not at all, and within a 
day or two it molts. 
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Subsequent development differs from that reported by Riley. He 
names and discusses only three other feeding instars which he says 
comprise the second larva. The black blister beetle has four feeding 
instars after the first, making a total of five feeding instars. The 
second to fifth instars begin feeding within an hour or two after each 
exuviation. They often macerate the egg, but they ingest only the 
soft inner parts comprising the yolk and developing embryo; the broken 
chorion and serosal cuticle remain as fragments in the egg pod. 

When a larva of the fifth instar has fed to repletion, it leaves the 
pod and burrows downward in the soil one or more inches where it 
excavates an elongate chamber about twice its length, becomes 
quiescent, and molts. Usually the next step is the sixth larval instar, 
but frequently it is the pupal stage. 

Observations on thirty larvae show that the number of eggs of 
Melanoplus differentialis Thos. necessary for a larva to feed to repletion 
varies from twenty-one to twenty-seven. The mean number was 
25.83 = 0.32 eggs. One hundred or more eggs may be found in an 
egg mass of this grasshopper, so that enough eggs are available in 
each mass for about four larvae. However, only one larva at a time 
will develop in the same place in an egg mass. When two larvae 
come in contact with one another in an egg pod, they clip at each other 
with their mandibles until one or both are killed. Two may be in 
different places in the same pod, or two or more may feed at different 
times in the same egg pod. 

Supernumerary Instars——The sixth instar (fifth of Riley), also 
known as the coarctate larva, is unusual in that it does not feed, is 
immobile, is highly resistant to dessication, and is variable in duration. 
In this form, the larva may withstand low winter temperatures or high 
summer temperatures with impunity. The cuticle is thick and activity 
is impossible; therefore, water loss through respiration and surface 
evaporation is almost nil. Under laboratory conditions, some molt 
within six days, and others remain in this instar for several months. 

In time, the sixth instar molts, and from its exuvium emerges an 
active larva which resembles the fifth instar superficially. Like the 
sixth instar, it does not feed. Instead it burrows upward within an 
inch or two of the surface of the soil, and constructs another chamber 
similar to the first. This becomes the pupal chamber because this 
instar always transforms into the pupal stage. 

Rate of Growth.—The development, as determined by measurements 
of widths of the epicranium, shows a peculiar divergence from normal. 
The development is continuous and uniform throughout the first five 
instars, so that logarithmic values for head widths, when plotted on 
coordinate paper, fall in a straight line. The head capsule of the 
sixth instar decreases in size even though the fifth instar feeds on as 
many eggs as all other instars combined. The head capsule of the 
seventh instar returns to the maximum size although no feeding occurs 
during the sixth. The differences are consistent and significant as 
one may see in Table I. 

Total Duration.—In the field, only one generation a year occurs. 
The winter may be spent as egg, larva of the first instar, or larva of 
the sixth instar. In the laboratory, where nearly optimum conditions 


1941] Florsfall: Black Blister Beetle 119 


obtain, the life cycle may be completed without delay in any stage. 
Even under these conditions, the length of the larval period varies 
accordingly as the larva passes through five or seven instars. The 
larval feeding period of five instars requires a mean of 28.08 days in 
the laboratory when no rest period occurs, and all seven instars require 
a mean of 42.94 days in the absence of a rest period. The mean dura- 
tions of the several instars and the means for all instars are listed in 
Table II. 

In the laboratory, where the mean daily temperature ranged between 
75° and 80° F., 104 larvae were reared in the glass tubes described 
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DURATION OF LARVAL STAGE BY INSTARS IN THE LABORATORY 
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elsewhere in this report. These all passed through the fifth instar. 
Records for the sixth and seventh instars are based on the rearing of 
ten and twenty-three larvae respectively. Forty-one larvae passed 
from the fifth instar directly into the pupal stage. The remaining 
sixty-three went into the sixth instar. Of these, ten exuviated within 
six to ten days, and the others remained in the sixth instar. After 
exposure to winter temperatures, these were removed to an incubator 
for further development. Another set of larvae was kept in the 
laboratory from December, 1938, until April, 1940, and none had 
changed into the seventh instar, although conditions of moisture and 
temperature have been kept favorable throughout that time. There- 
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fore, the interval represented by the mean, 7.30 days, for the sixth 
instar is only for those larvae which did not go through a prolonged 
resting stage. 
PUPA 

The pupal stage may follow directly after the fifth instar, or the 
full course of seven larval instars may precede it. Whatever the 
previous course, the duration is short, and there was no tendency 
to hibernate among the specimens reared. Records for thirty-eight 
individuals show that the stage requires between eleven and twenty 
days with a mean duration of 14.03 + 0.33 days. 


DESCRIPTION OF STAGES 
The descriptions of stages given below are primarily for 
comparative rather than taxonomic purposes. Especially is 
this true of the descriptions of larval instars. By comparing 
the stages and especially the several instars of the larval stage, 
one may comprehend more easily the hypermetamorphic 
development of the black blister beetle. 


EGG 

Length: 1.317 + 0.007 mm. Color: pearly white to light ivory at 
first, darker, later. Chorion transparent. Conspicuous features of 
developing embryo visible. Surface adhesive film causes eggs to 
cohere in compact mass. 

LARVA 

First Instar. (Pl. I, figs. 1 and 2.) Body: 12 segments more 
sclerotized dorsally than ventrally; unfed larva elongate, subcylindrical, 
widest at prothorax, tapering caudally, venter flattened, sclerites 
dusky; fed larva crescentic, sclerotized areas widely separated by 
transparent intersegmental and pleural membranes. 

Head: Prominent, depressed, obovate, brown, 0.415 + 0.004 mm. 
wide, covered by fine reticulations and sparse, spinose hairs. Mouth- 
parts directed forward in unfed larva, downward after feeding; labrum 
broadly quadrate with two stout spines apically, two subapically, four 
laterally and covered entally by short pile; mandibles long, prominent, 
sickle-shaped, elbowed on outer curvature, armed on inner curvature 
with row of about nine quadrate teeth subapically; maxilla with a 
strong 3-segmented palpus, two basal segments wider than long, apical 
segment three-fourths as wide as long, tapering distally and covered 
on inner terminal half by patch of short, stout hairs; mala inconspicuous 
and covered by short hairs; /abium composed of basal piece and semi- 
circular distal piece surmounted apically by pair of small, 2-segmented 
palpi. Antenna about one-half as long as mandibles; four segmented; 
two basal segments wider than long, third segment at least three times 
as long as second and fourth segments, bearing two spinose hairs and 
one fusiform appendage apically, fourth segment bearing apically four 
long spinose hairs. Eye round, black, on side of head caudad of 
insertion of antenna. 
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Thorax: Prothorax longer than mesothorax and metathorax com- 
bined. Legs long; coxae twice as long as wide; trochanters short; 
femora three times as long as wide and same length as coxae; tibiae 
sturdy, tapering distally, one-third longer than femora; tarsi each 
composed of one claw-like segment provided basally with two promi- 
nent hairs about two-thirds as long as tarsus; all parts beset with 
spinose hairs, those on tibiae arranged in four rows. Spiracles only on 
mesothorax. 

Abdomen: Tapering caudally, all segments twice as wide as long; 
ninth segment with two caudally directed, setaceous hairs, as long as 
last four segments combined. Spiracles located subdorsally on 
segments 1-8. 


SECOND INsTAR. (PI. I, fig. 3.) Body: surface non-sclerotized, 
elongate, crescentic, cylindrical, widest at prothorax, tapering caudally; 
creamy white in color. Head: prominent, depressed, obovate, brown 
in color, not reticulate, 0.569 + 0.009 mm. wide. Mouthparts directed 
downward; Jabrum similar to first instar; mandibles twice as long as 
basal width, otherwise as in first instar; mavilla less conspicuous than 
first instar, palpus as long as antenna; Jabium unchanged. Antenna 
similar to first instar with fourth segment reduced and provided with 
only one apical, spinose hair and apical appendage on third segment 
more bulbous. ye as in first instar. 

Thorax: Broad, slightly sclerotized prothorax with plate along 
mid-ventral line and faint cervical shield; otherwise as in first instar. 

Abdomen: Caudal setae no longer than other setae. 


THIRD INsTAR. (Pl. 1, fig. 4.) Body more compact, otherwise 
as in second instar. 

Head: Width 0.850 + 0.014 mm., otherwise as in second instar. 
Mouthparts directed downward; /abrum as in second instar; mandibles 
gently rounded on outer curvature, deeply notched on inner margin 
near middle, one and one-third times as long as wide at base, otherwise 
as in second instar; maxilla, labium, antenna, and eye, as in second instar. 

Thorax: Prothorax as in second instar; /egs smaller in proportion to 
body with coxae as long as wide; otherwise as in second instar. 

Abdomen as in second instar. 


FourtH Instar. (PI. I, fig. 5.) Body as in third instar. 

Head: Width 1.280 + 0.022 mm., otherwise as in third instar. 

Thorax: Legs with coxae as wide or wider than long, femora and 
tibiae shortened, otherwise as in third instar. 

Abdomen as in third instar. 


FirtH INstarR. (Pl. I, figs. 6 and 7.) Body while feeding as in 
third instar. After formation of resting chamber, body becomes 
nearly straight, with dorsum strongly arched and venter nearly flat; 
strongly developed lateral, longitudinal fold beneath spiracles; covered 
with ferruginous, setaceous points. 

Head: 1.770 + 0.012 mm. wide with mottled dark and light brown 
areas; otherwise as in third instar. 

Thorax: Coxae, femora, tibiae nearly as wide as long; otherwise 
as in third instar. 
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SIxTtH Instar. (PI. I, fig. 8.) Body shape similar to late fifth 
instar; cuticula thick, dark brown, rigid, and finely corrugate, longi- 
tudinal, lateral fold well developed; dorsum strongly arched; transverse, 
segmental sutures faint; lateral outline elongate-ovate; greatest depth 
through second and third abdominal segments; length about 10 mm. 

Head: Width 1.504 + 0.029 mm., well separated from thorax 
ventrally, but not dorsally. Mouthparts visible and rigid; mandibles 
distinct and conical with tips widely separated, non-functional; other 
parts rudimentary. Antenna tuberculous and rudimentary. Eye not 
visible. 

Thorax: Legs represented by six rigid, brown, conical tubercles. 
Spiracles on mesothorax large, oval in outline; located in center of large, 
heavily sclerotized spiracular plates; small indistinct spiracles on meta- 
thorax, not on plates. 

Abdomen: Spiracles crater-like and placed on heavily sclerotized 
plates; hind margin of spiracular plates raised and bordered by thick, 
darker crescent. Exuvium of fifth instar adherent ventrally. 


SEVENTH InsTaR. (PI. I, fig. 9.) Body similar in color and form 
to fifth instar. 

Head: Width 1.773 + 0.026 mm., otherwise similar to fifth instar. 

Thorax: Legs shorter in proportion to body than fifth instar; tarsi 
apparently absent with dense, ferruginous setae on end of tibiae; coxae 
wider than long, trochanters nearly as large as coxae, femora and tibiae 
as wide as long. Spiracles on meso-thorax large; spiracular plates 
indicated by faint, crescentic, sclerotized lines caudally. 

Abdomen: As in fifth instar; spiracles large, and spiracular plates 
indicated by faint lines as on thorax. 


PUPA 
Length about 10 mm. Folded legs lie loosely on sternum, hind 
tarsi nearly reaching anus. Body and legs sparsely spinose. Color 
creamy white at first, black later. (PI. I, fig. 10.) 


ADULT 
Blatchley (1910) gives the following description of the adult: 
‘Elongate, slender. Uniform black opaque, clothed with fine, short 
prostrate black hairs. Thorax quadrate, the front angles rounded; 








EXPLANATION OF PLATE 


PLATE I 
Fig. 1. Lateral view of unfed, first-instar larva X 17. 
Fig. 2. Lateral view of gorged, first-instar larva X 17. 
Fig. 3. Lateral view of newly molted, second-instar larva X 17. 
Fig. 4. Lateral view of newly molted third-instar larva X 17. 
Fig. 5. Lateral view of gorged, fourth-instar larva X 17. 
Fig. 6. Lateral view of newly molted fifth-instar larva X 9. 
Fig. 7. Lateral view of gorged fifth-instar larva X 9. 
Fig. 8. Lateral view of sixth-instar larva X 5. 
Fig. 9. Lateral view of active, seventh-instar larva X 5. 


Fig. 10. Ventral view of pupa X 5. 





Black Blister Beetle 


"3 
we 
yn 
3 
x 
~% 
€ 
Ss 
= 
= 








124 Annals Entomological Society of America [Vol. XXXIV, 


surface (as well as that of head and elytra) finely and densely punctate 
and with an impressed median line. Length 7-13 mm. Antennal 
joints on apical half always more slender, loosely united and more or 
less compressed; eyes always longer than wide, emarginate in front. 
Spurs on hind tibiae unequal, the outer one broader.” 


METAMORPHOSIS 


Riley (1883) lists and describes six larval instars for the 
species of Epicauta and Macrobasis, and he implies that all 
are necessary for attainment of the adult stage. Ingram and 
Douglas (1932) state that the striped blister beetle, Epicauta 
vittata Fab., may pass directly from the feeding stage to the 
pupal stage, or, under other conditions, it may have two 
additional instars. In this regard, the black blister beetle is 
similar to the striped species. Forty-one individuals had a 
normal, complete metamorphosis, as is the case with other 
Coleoptera, but sixty-three passed through a more protracted 
course of development or hypermetamorphosis. This species, 
therefore, may reach maturity by way of regular holo- 
metabolous development, or it may require one more involved. 
Both forms of metamorphosis require the normal four stages: 
egg, feeding larva, pupa, and imago. Those beetles that go 
through the shortened or minimum essential development 
have only five feeding larval instars, while those that go through 
the more complicated metamorphosis have those five followed 
by two instars in which no necessary imaginal development 
takes place. 

Much emphasis has heretofore been placed on the apparent 
superficial resemblance between the larvae of the several 
instars and the larvae of several families of the Coleoptera. 
Riley assigned the names for the instars according to these 
superficial resemblances, and Packard gave to them a phylo- 
genetic significance without critical examination of the larvae. 
From the descriptions detailed above, one may see that the 
morphological differences between instars are slight, albeit 
some changes in body shape have been observed. However, 
when a larva is observed daily in the process of development, 
these changes are more apparent than real. For example, 
the first instar has been designated a distinct form according 
to Riley (1878); yet, the only difference between the first and 
the second instars is the presence of heavily sclerotized plates 
on the thorax and abdomen of the former. Even the curvature 
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of the body is the same after the larva of the first instar has fed. 
Aside from the sclerotization of the first instar and an increase 
in size of the later ones, all five feeding instars are morpho- 
logically similar. Therefore, those individuals that have only 
five larval instars have only one larval type, and those that 
have seven instars have two larval types. The sixth instar 
with its tough, unyielding cuticula and rudimentary appendages 
is very unlike the others. The seventh instar is so like the 
fifth that one cannot distinguish between the two with ease. 

In light of these observations, there is little indicating that 
the larval instars of this meloid typify an evolutionary sequence 
of the Coleoptera. Contrarily, the supernumerary instars 
appear to be secondary adaptations to a normal holometabolous 
condition. Furthermore, hypermetamorphosis in the case of 
this beetle is not essential for the maturation of the individual, 
although it may be necessary for the survival of the species 
during adverse conditions. 


SUMMARY 


1. The black blister beetle may have a normal complete 
metamorphosis or it may have a hypermetamorphosis. In 
either event there are five feeding larval instars which are 
morphologically very similar. Following them may be two 
supernumerary instars which do not feed. The sixth instar 
or coarctate larva is the only one of the seven which does not 
resemble the others closely. Therefore, there are one or two 
larval forms accordingly, as there are five or seven larval 
instars. 

2. The whole larval period usually requires about ten 
months in the field, but in the laboratory the period may be 
completed within an average of twenty-eight days. In the 
field, the greater part of the period may be spent as an egg, a 
first-instar larva, or as a sixth-instar larva. 

3. Adults of this species emerge in late summer and may be 
collected until mid-November in northwestern Arkansas. They 
feed on the pollen of goldenrod and asters and not on foliage. 

4. Eggs are deposited in masses of about 165 eggs at the 
bottom of tubular cavities in the soil. These hatch in about 
fifteen days under favorable conditions or hatching may be 
delayed some months during unfavorable temperatures. 


5. Larvae feed on eggs of grasshoppers. 
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ENTOMOLOGICAL NOMENCLATURE AND LITERATURE, by W. J. 
CHAMBERLIN. 102 pages, 2 portraits, 8144 x 10% inches. Lithoprinte 
by Epwarps Broruers, Inc., Ann Arbor, Mich. Also from W. J. 
Chamberlin, Dept. of Entomology, Oregon State College, Corvallis, Ore. 
Price, cloth, $2.60; press board, $2.00. 

The present reviewer, in an attempt to give a course on taxonomy and 
entomological literature, has often longed for just such a compilation as this. 
Forty-four pages are devoted to (1) the historical development of nomenclature, 
(2) the species concept, (3) the rules of nomenclature, and (4) some of the 
“‘Opinions’’ rendered by the International Commission. A page and a half is 
devoted to ‘‘The Species’’ which is one of the very weak points of the general 
discussion. The geneticist’s concept of an interbreeding population with changing 
characters does not enter. Yet the whole of Part I of the volume is based on 
species concept of some kind or other. 

Part II is a skeleton list of Government entomological publications, of journals 
that are devoted to the subject and particularly of bibliographies and other key 
compilations that help the enquiring student find his way about in the field of 
publication on insects. The subject matter, because of its very nature, looks 
very much like the notes we use in our own class and which came largely from a 
notebook which we purchased for $5.00 from another Cornell student, notes 
gathered by J. Chester Bradley for his course in entomological literature. (Thus, 
much of the material of our teaching of entomology in the United States stems from 
the men gathered about himself by Comstock at Cornell.) 

Part II gives a carefully arranged list of publications of the U. S. Federal 
agencies, the state stations, U. S. Health Department, Reports of the Treasury, 
etc. Lists of the great zoological bibliographies, abstract journals, etc., are 
given. Also serial publications on the subject in the United States, Canada and 
other Western countries with such few Oriental journals as are published in Western 
languages. These lists cover about all the general and established sources that 
should be known to the advanced student in entomology. 

We sincerely hope that Professor Chamberlin takes this project seriously 
and follows it up with repeated editions which will make it the standard American 
work on the subject. At present it is a good beginning outline. It still contains 
some misspelled names and other words. Each general part is followed by a list 
of review questions which do not belong in a book generally useful outside the 
classroom. The majority of teachers can think up questions faster than a student 
can answer them. Why not devote the space to greater bibliographies or include 
more American journals that regularly carry entomological articles? 

The present reviewer believes Professor Chamberlin has given American 
entomologists something they have been hoping for over a long time and in about 
that useful form best suited to ready reference.—C. H. K. 


SOME NOTES ON FOUR PRIMARY REFERENCE WORKS 
FOR LEPIDOPTERA 


F. MARTIN Brown, 


Colorado Springs, Colorado 


As studies of North American Rhopalocera become more 
exact it is increasingly important that the authorship and date 
of publication for the names in common use be fixed. Many of 
the names proposed by the older European authors stand 
insecurely in our lists at the present time. The general tendency 
has been to accept the citations and dates in Kirby’s Catalogue!. 
In fact, this work is the source from which all of our catalogues 
have been drawn. Strecker, Skinner and Dyar based their work 
on Kirby and additions from the literature subsequently 
published. 

While Kirby’s work is unusually accurate, recent biblio- 
graphic studies have unearthed material not available to that 
author and frequently overlooked by modern students. While 
preparing the Catalogue of the Original Descriptions of the 
Rhopalocera found North of the Mexican Border for the Cheyenne 
Mountain Museum it has been the authors’ endeavor to check 
every citation to its original source. The number of citations 


that have been given incorrectly in our current catalogues is 
surprising. The majority of these we hope to correct. Some of 
these corrections must be explained. In this communication I 
shall devote myself to clarifying the authorship and date of 
publication for the names proposed in the following four 
collaborative works: 


Cramer (and Stoll)—-Papillons Exotiques, etc., etc., 1775-1791. 

Latreille and Godart—Encyclopédie Méthodique, vol. 9, 1819-1823. 

Doubleday, Westwood and Hewitson—The Genera of Diurnal 
Lepidoptera, 1846-1852. 

Godman and Salvin—-Biologia Centrali-Americana, Lepidoptera 
Rhopalocera, 1879-1901. 

In three cases the difficulty has arisen because one of the 
authors died during the preparation and publication of the 
work. Only the Encyclopédie Méthodique was seen completed by 
its authors. In the case of this opus few students are fully aware 
of the extent of Latrielle’s contribution. In three cases the 
precise year of publication of the species descriptions is vague 
to most workers. Only in the Biologia is this given precisely. 


1A Synonymic Catalogue of Diurnal Lepidoptera. 1871, London. 
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For the Genera the date of publication of the plates is most 
important since these plates constitute the ‘‘original descrip- 
tions” of all of the North American species erected. Unfor- 
tunately I have not had full success with the Genera as will be 
noted in the discussion of those volumes. If these notes stim- 
ulate some one to go further and completely clear up the doubtful 
data I will feel repaid for many hours of fruitless search. 


I 

Cramer (and Stoll)—Papillons Exotiques des trois parties du monde 
l’Asie, l’Afrique et l’Amerique rassemblés et décrits par Mr. Pierre 
Cramer, dessinés sur les originaux, gravés et enluminés sous sa direction. 
Amsterdam, Baalde; Utrecht, Barthelemy Wild. 

The same title in Dutch and the text in Dutch and French. 

The usual? span of years given for the publication of this 
work as derived from the title pages of the volumes is 1779-1791. 
This is true only for the portion contributed by Stoll! The 
following tables may be taken as the best available data con- 
cerning the publication dates of the text pages and the plates. 
The dates for the pages of text have been taken from p. 398 of 
the Catalogue of the Library of the British Museum. ‘The dates 
for the plates from Kirby’s note in Ent. Mo. Mag. 14: 278-279: 
1878 based upon Marsden’s copy of Cramer in the original 
wrappers. 


Year Vol. Pages Plates 
CRM sos ademas 1 1-132 1-84 
PSR Stee seeds 1 133-156 85-96 
PROS ogee misses ies cas ii all 97-192 
1778 (Neither text nor plates were published this year) 
SERN is ohne peks lil 1-128 193-264 
rer ili 129-176 265-288 
Se as 5 See ginieaas iV 1—90 289-336 
NN aids cece Sra aseeere iv 91-164 337-384 
NEI ene eee iv none 385-400 
1783 (Nothing was published this year) 

ROME exis oleae eels iv 165-252 none 
PRA S225 iteonarteie iv 1-298 none 
i Mave saeeween Suppl. none 1-8 
ES ¢kaitiageeenns Suppl. none 9-42 
Desi eeetsscdcen Suppl. all none 


Since the figures on the plates are designated by letters and 
are not accompanied by names—some copies have the names 
added in manuscript—the date of publication of the text must 


*Strecker, p. 219 and Skinner p. xiii: 1779-1782 Dyar p. xiii gives 1775-1796. 
’These 29 pages, separately paged, follow directly after p. 252. 
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be taken as the date of publication of the species name even 
though the plates of some were issued as much as four years 
earlier. 

The British Museum Catalogue mentioned above credits 
Stoll with more of the text than is generally done. According to 
it Cramer is wholly responsible for the text of volumes 1, 2 and 3 
but for only pp. 1-32 of volume 4. The remainder of volume 4, 
pp. 33-252 and the Supplement are credited to Stoll. 

The problem, however, is not so simply solved. Cramer died 
in 1779. I have not been able to find the precise date, nor was 
Kirby. This was during the publication of volume 3. The ear- 
liest evidence of Stoll’s hand in the work is found in volume 3 in 
a long footnote to sophorae (Pl. 213 C) that begins on page 105 
and extends to page 108. This would place Cramer's death or at 
least retirement from the work previous to the publication of 
page 105. Two additional footnotes of Stoll’s appear in volume 
3, on pages 115-116 and page 172. There are similar footnotes 
throughout volume 4. The last of these is appended to asterius 
on p. 196. (This relegates the name polixena to a European 
Thecla). Beyond p. 196 the, statement ‘‘Deze is uit myne 
versameling. C. Stoll” or a variant occurs frequently, but these 
merely note that the specimen figured is from Stoll’s personal 
collection upon which Cramer drew heavily for new material and 
specimens for the figures. 

Thus there is ample evidence that Stoll at least worked over 
and possibly edited the manuscript from at least p. 105 in vol- 
ume 3 to the end of volume 4. All of this is usually credited to 
Cramer. However, until it is proven incorrect I believe that 
the division of credit suggested in the Catalogue of the Library 
of the British Museum is best followed. This division is sup- 
ported, and I suspect based upon, the description of martia on 
pages 31 and 32 and nuda, on page 33. Of the former it is stated: 
‘‘in de Versameling van der Heer C. Stoll.’’; of the latter: 
‘‘In myne Versameling. C. Stoll.”’ 

According to the above data the proper author and date for 
the names from Pap. Exot. used for North American species are 
as follows: 

asterias (Papilio ajax) Stoll, 1784* 5*. 
Papilio cresphontes Cramer, 1777*. 
alcidamus (Papilio glaucus) Cramer, 1775*. 
Papilio marcellus Cramer, 1777*. 

Phoebis marcellina Cramer, 1777*. 

aricye (Phoebis philea) Cramer, 1776*. 
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Phoebis melanippe Stoll, 1781*f. 

cipris (Phoebis argante) Cramer, 1777*. 
A phrisa statira Cramer, 1777*. 

Eurema delia Cramer, 1780*. 

Eurema nicippe Cramer, 1779*. 
Eurema nise Cramer, 1775. 

Danaus berenice Cramer, 1779*. 
Danaus eresimus Cramer, 1777*. 
cymela (Megisto eurytus) Cramer, 1777*. 
alcionea (Dryas julia) Cramer, 1779*. 


daphnis (Argynnis cybele) Cramer, 1775*. 
Brenthis myrina Cramer, 1777*. 

cocyta (Phyciodes tharos) Cramer, 1777*. 
Polygonia progne Cramer, 1775. 

iole (Vanessa virginiensis) Cramer, 1775*. 
Junonia genoveva Cramer, 1780*. 

Eunica monima Stoll, 1784* fF. 

marius (Timetes chiron) Cramer, 1779%*. 
Athena petreus Cramer, 1776*. 

ephestion (Basilarchia astyanax) Stoll, 1791*. 
Basilarchia archippus Cramer, 1775*. 
danaé ( Historis odius) Cramer, 1775*. 
cadmus ( Historis acheronta) Cramer, 1775*. 
pherecydes ( Historis acheronta) Stoll, 1780*f. 
Atlides halesus Cramer, 1777*. 

Mitoura damon Stoll, 1784* f. 

Hemiargus hanno Stoll, 1791*. 

Proteides idas Cramer, 1779%*. 

clarus (Epargyreus tityrus) Cramer, 1775*. 
Epargyreus exadeus Cramer, 1779*. 
Urbanus dorantes Stoll, 1791*. 

Urbanus simplicius Stoll, 1791. 

daunus (Thorybes bathyllus Cramer, 1777*. 
Xenophanes tryxus Stoll, 1780*f. 
Chiomara asychis Stoll, 1780* f. 

Calpodes ethlius Stoll, 1784* f. 


4Asterisks (*) mark those species for which the date of publication is incorrectly 
given in the latest of the following catalogues in which the name appears: 
Dyar—A list of North American Lepidoptera. Washington, 1902. 
Skinner—A Synonymic Catalogue of North American Rhopalocera. Phila- 
delphia, 1898. And Supplement No. 1. Philadelphia, 1905. 
Strecker—A Complete Synonymical Catalogue of Macrolepidoptera (of 
North America). Reading, Pa., 1878. 
Kirby—A Synonymic Catalogue of Diurnal Lepidoptera. London, 1871. 
5Daggers (t) mark those species for which the author is incorrectly cited in 
McDunnough’s Checklist of North American Macrolepidoptera. Mem. So. Calif. 
Acad. Sci. Vol. 1, 1938. 
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II 


Latreille and Godart—Encylopédie Méthodique. Histoire Naturelle. 
Entomologie, ou Histoire Naturelle des Crustaces, des Arachnides et des 
Insectes, par M. Latreille. Tome Neuviéme, par M. Latreille, de 
l’Académie des Sciences, et M. Godart, ancien Proviseur du Lycée de 
Bonn, etc. Paris. 1819. 


The citations from this primary work on butterflies have been 
badly confused by most lepidopterists. The dates usually 
assigned to the species described in it are 1819, or 1823, the 
date of the supplement. Almost universally the authorship is 
credited to Godart for everything other than the extra-European 
Hesperidae. Mr. Frank E. Watson has spent considerable time 
studying the work and has given me the following table of dates 
for the issuing of the various pages of the Enc. Meth. 


Year Pages 
NO oa rade eee ee eee 1-184 
MOND 5 Sis A athe we epee 185-368 
TR es viv ode aid crwlnee rere «cern 
DI sv sacs sw ntane « dere wold oo ee 
BN o6 iahiaks 0 betel binmrar ee 


While searching contemporary publications I found that 
Huebner and Geyer in the Zutrdge credit all but one of the 
species they figure from the Enc. Meth. to Latreille. The 
exceptional species is published on page 638 and is the farthest 
on in the text of the species noted in the Zutrdge. Of the fourteen 
butterflies from the Enc. Meth. figured in the Zutrdge and cred- 
ited to Latreille five are among those I would credit to Godart. 
It is interesting to observe that contemporary taxonomists 
considered the bulk of the Enc. Meth. the work of Latreille, 
while modern workers follow Kirby in crediting it to Godart. 
Hemming® is incorrect when he credits the butterflies from the 
Enc. Meth. and figured in the Zutrdge universally to Godart. 

On page 527 of the Catalogue of the Library of the British 
Museum it is noted that Latreille wrote pp. 1-328, 706, 707 and 
all of the text pertaining to the extra-European Hesperidae to 
page 793: the remaining portions of the text were prepared by 
yodart. 

This affects many North American Rhopalocera and their 
synonyms. The following list presents the species described in 
the Enc. Meth. included in McDunnoughs recent Checklist (see 


*‘Hemming-Hubner, Vol. 1, pp. 474-481. London, 1937. 
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footnotes 4 and 5) with the proper author and date of publi- 
cation as determined from these notes. 


Anthocharis Vherminieri Latreille, 1819f. 
Colias philodice Latreille, 1819f. 
Anteos clorinde Godart, 1823. 
cnidia (Phoebis argante) Latreille, 1819. 
Kricogonia lyside Latreille, 1819f. 
daira (Eurema delia) Latreille, 1819f. 
A ppius iliare Latreille, 1819f. 
mysia (Appius iliare) Latreille, 1819f. 
Lycorea cleobaea Latreille, 1820, *f. 
eurylhris (Megisto eurytus) Godart, 1821*. 
cantheus (Satyrodes eurydice) Godart, 1821*. 
myrissa (Brenthis myrina) Godart, 1823*. 
freya (Brenthis freija) Latreille, 18207. 
phaetontea (Euphydras phaeton) Latreille, 1820*f. 
tharossa (Physiodes tharos) Latreille, 1820*f. 
morphea (Phyciodes tharos) Latreille, 1820*f. 
Nymphalis milberti Latreille, 1820* f. 
myrlo (Eunica monima) Godart, 1821*. 
Timetes coresia Godart, 1820". 
Athena pellenis Godart, 1820*. 
disippe ( Basilarchia archippus) Godart, 1821*. 
toxea (Eumaeus minyas) Godart, 1823. 
Strymon hugon Godart, 1822*. 
Strymon falacer Godart, 1822*. 
damastus (Mitoura damon) Godart, 1822%*. 
incisalia irus Godart, 1822*. 
Everes comyntas Godart, 1822*. 
savigny (Polygonus amyntas) Latreille, 1822*. 
Urbanus eurycles Latreille, 1822*. 
drury (Catia otho) Latreille, 1823. 
Polistes themistocles Latreille, 1823. 
Lerodea l’herminier Latreille, 1823 
Panoquina nyctelius Latreille, 1822*. 
, Nore: Page 167 is incorrectly paged 197 in the text but appears in its proper 
piace. 


II 
Doubleday Westwood and Hewitson—The Genera of Diurnal 
Lepidoptera, comprising their generic characters, a notice of their habits 
and transformations, and a catalogue of the species of each genus; 
illustrated with 86 plates by W. C. Hewitson. London, 1846-1852. 


For this work there exists widespread confusion in the cita- 
tion of authors for the genera and species described. According 
to the Catalogue of the Library of the Pritish Museum, p. 474, 
the text of volume 1 (pp. 1-250) should be credited to Double- 
day and volume 2 (pp. 251-534) should be credited to West- 
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wood who continued the work upon Doubleday’s death (Dec. 14, 
1849). The plates are the work of Hewitson. Thus the genera 
must be credited to either Doubleday or Westwood and the 
species ‘‘described”’ by the figures to either Doubleday and 
Hewitson or Westwood and Hewitson. Those occasional species 
for which there is a description in the text must be credited to 
either Doubleday or Westwood. 

The dates assignable to the text are printed on the first page 
of each fasicle. A summary of the pages issued each year is as 
follows: 


Year Pages 

WE ack eee 1-18 

ROW e ns kod anekeeeecicace: eee 

1848.... 33-200 (except pp. 148 and 144) 
WER e acen es ... 201-242 

POD ce wen w 2. 243-326 

REI ssn g80.5)3 tenes 026-466 

Wie cine sees ..... .467-534 and 143, 144 


Pages 143 and 144 were written by Westwood and are dated 
July, 1852. These pages describe the family NYMPHALIDAE. 

Since the majority of the species described in the work are 
designated by a colored figure and not by a verbal description 
the dates of issue for the plates are important for purposes of 
priority. Unfortunately accurate year dates can be assigned at 
this time to only twenty-eight of the first thirty-two plates 
issued. There are dated references to these in the text. For all 
of the other plates I have assigned tentative dates based upon 
the dates of issue of the text pages pertaining to them. These 
tentative dates are enclosed in square brackets and should be so 
used in quoting them. The bold face dates of those pairs pre- 
sented are year dates I prefer of the two. 

S. H. Scudder in his //istorical Sketch of the Generic Names 
proposed for Butterflies (Proc. Amer. Acad. Arts and Sci., n. s. 
2: 91-293. 1874-5.) on page 98 states: 

“There is still another work, the dates of the different parts of 
which, as given here, require explanation. Doubleday and Westwood’s 
Genera of Diurnal Lepidoptera was published in parts, and Mr. B. P. 
Mann has shown me a nearly complete set of the work in the original 
wrappers; although it is a reissue and not the original edition, a careful 
comparison of its divisions with the dates printed at the bottom of 
many of the signatures, convinces me that the reissue was purely a 
reissue, and that the plates accompanying each part of the text are the 
same as in the original issue.” 
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Some of my conclusions are at variance with Scudder’s and 
in two instances the evidence presented by Doubleday in the 
text of the Genera refutes Scudder’s conclusions. In the follow- 
ing listing of the plates I have noted the points of difference. 
Scudder’s scattered references date only 25 of the plates and in 
one instance he assigned two year dates to the same plate, 
number 48. 


[1846] 1,2 

1846 3 

[1846] 4 

1847 4* 

[1847] 5 

1847 6-25 incl. 18*, 28 


1 
1848 26, 27, 29 
Note: Scudder claims 1847 for plate 27 although all of Doubleday’s references 
in the text of the Genera give 1848 as the year of publication. 
1849 30 
Nore: Scudder claims 1848 for this plate although all of Doubleday’s refer- 
ences in the text of the Genera give 1849 as the year of publication. 
[1848-1850] 42 
Nore: Scudder claims 1848 for this plate. There are no references in the 
text pertaining to the publication dates of plates beyond number 30. 
[1850] 32-41, 48-49, 51, 53 
Nore: Scudder claims 1848 for the following plates of this group: 32, 39, 40, 
41, 43, 48; and 1849 for 48, 49, 50. He claims 1848 for number 48 on page 161 under 
Ectima and 1849 for the same plate on page 260 under Pysina! 
[1850-1851] 50, 52 
Nore: Scudder claims 1849 for these plates. 
[1850-1861] 54*, 63 
[1851] 31, 54-62, 64-67, 69-72 
Norte: Scudder claims 1849 for 57, 58, 60, 61; 1850 for 62 and 66; and 1851 for 67. 
[1851-1852] 68, 73 
[1851-1852] 75 
[1852] 74, 76-80, Supplementary 
Nore: Scudder claims 1851? for plate 76. 


Doubleday’s death occurred between the publication of 
page 242 in August, 1849, and page 243 on June 1, 1850. There 
is nothing in the text to lead one to believe that Westwood had 
any part in preparing the manuscript through page 250, the 
last page of volume one, other than the footnote to pages 143 
and 144 which were published in 1852. In the obituary of 
Doubleday (Proc. Linn. Soc. Lond. 2: 84-87) it is stated that 
the fatal illness overtook him in the summer of 1849. So there 
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can be little doubt that he had completed the part issued that 
August unaided by Westwood. 

On the first page of the Address (p. iii) in volume 1, West- 
wood states, ‘‘Unfortunately, however, the various avocations 
of Mr. Doubleday, together with his delicate health, prevented 
his completing more than one third of the text of the work, and 
on his decease the task of its completion was confided to me.”’ 
Since the text composes 534 plus xii pages Westwood’s state- 
ment would set the termination of Doubleday’s manuscript at 
page 148 or 149. Westwood’s note on page 144 clearly indicates 
that Doubleday was working on the Nymphalidae when he died. 
That Westwood contributed materially to the study of this 
family is witnessed by the late date for pages 143 and 144 which 
summarize it—July, 1852. Westwood’s instructions to the 
binder, printed on p. 22, to divide the text into two volumes at 
page 250 seems to me, coming as it does in the middle of the 
discussion of the Nymphalidae, to indicate that volume one was 
considered by Westwood to be the work of Doubleday and that 
volume 2 was wholly his, Westwood’s work. This is borne out, 
with the exception of p. 251, by the text of volume 2. The genus 
Callianira is treated on p. 251. There is a footnote to the genus 
signed J. O. W(estwood) that makes me feel that this genus 
should be credited to Doubleday. In the footnote to the next 
genus treated, Pyrrhogyra, on page 252, it is made clear that the 
description of it and all succeeding genera are by Westwood. 

The species ‘‘described”’ on the plates present two perplexing 
problems. The dates of publication are given above—some 
definitely but the majority tentatively. The authors present a 
curious state of affairs. The primary authors are either Double- 
day or Westwood. Since with few exceptions the sole 
‘‘description”’ is Hewitson’s figure he too is responsible for the 
interpretation of the species-name and must be admitted to 
authorship. For the figures published during Doubleday’s 
life-—plates 1-30—no doubt can exist that the correct designa- 
tion is Doubleday and Hewitson. For the names of figures 
published after the death of Doubleday there exists a legitimate 
problem. I feel strongly that the majority of the species val- 
idated in the Genera must be credited to Doubleday and 
Hewitson even though they were ‘‘manuscript” species at the 
time of the former’s death. My reason for this is as follows: 
If Author A publishes a manuscript name accompanied by a 
description written by Author B, then the species name is of the 
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original Author B, not the publishing Author A. We have just 
such a case in the Genera. 

The species-names presented on the plates are accompanied 
by the author’s name, thus Doubleday’s authorship of names 
published by Westwood after Doubleday’s death is clearly 
acknowledged. As an example: Chionobas chryxus is listed as 
No. 13 on page 383 (published May 1, 1851) and figured as 
f. 1, Pl. 64 [1851]: it is a Doubleday and Hewitson name because 
in the list it is followed by ‘‘E. Doubl. MS” and on the plate 
by ‘‘Doubleday”’ although it was published about a year and 
a half after the author’s death. In the case of these ‘“‘desc rip- 
tions’’ the ‘‘manuscript”’ is the specimen labeled by Doubleday 
and before Hewitson as he ng the figure. This specimen is 
also the type. That Doubleday was dead when his “‘descrip- 
tion’’ was published does not alter the authorship since the 
plate distinctly implies that the figure is Doubleday’s personal 
conception of the species, as much so and even better than any 
written description that he might have left in his effects that 
Westwood might have published along with the statement to 
the effect that ‘‘Mr. Doubleday described Chionobas chryxus 
as follows.”’ 

The following list presents the genera and species usually 
included in lists of North American Rhopalocera described in 
the Genera with the authorship as interpreted by the above 
remarks and the dates of the text and figures. When there is a 
difference between the dates of text and plate the date of the 
latter establishes the priority since all of these text listings are 
without description. 

Text Plate 


Parnassius smintheus D. and H......... 1847 1847 
Pucnioe crense 1). ANG Tl... 6.6006 ee ees 1847 1847 
NINE TED soa old ae Phe econtis  oat'd dee 3 

Lycorea D. me patie sisi ee 

Lycorea atergatis D. and BRR 1847 1847 
Coenonympha california W. and H.......1851 [1851] * 
Oeneis chryuus D. and Fl... ... 6.6.55. 1851 [1851] 
Erebia mancinus D. and H.............1851 [1851] 
RON ENS ro 410 a cs Sie Ove. Ooi 1848 

Breninss astarie D. and Fe. .... 6c 1848 1847 
Euphydryas chalcedona D. and H........ 1848 1847 
Euphydrayas anicia D.andH.......... 1848 1847 * 
Phycoides nycteis D. and H............. 1848 1847 
ci cc aueanebawannn in 1849 


eulalia ( Heterochroa bredowi) D. and H.. .1850 [1850] * 
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hugo (Strymon hugon) W.andH.........1852 [1852] Tt 
Incisalia augustinus W.and H..........1852 [1852] *f 
Plebeius acmon W. and H.... 1852 [1852] 
Phocides urania W. and H.............1852 [1852] 
Nascus hesus W. and H 1852 [1852] 
costalis (Erynnis juvenalis) W. and H... .1852 [1852 


IV 


Godman and Salvin—Biologia Centrali-Americana. Insecta. 
Lepidoptera-Rhopalocera. (London?) 1879-1901. 


The complete Biologia was issued in parts each wrapped in 
a cover bearing a number, month and year of issue, and a 
notation of the pages and plates for each volume included in 
the part. In addition to this each folio of pages bears at the 
foot of the first page the date of issue; however, nowhere in the 
volume of plates is there an indication of the dates upon which 
the various plates were issued. The original wrappers of the 
copy in the library of the American Museum of Natural History 
are preserved and bound in a separate volume. From these the 
following table of dates of issue for the pages and plates has 


> 


been constructed. The plates constitute volume 3. 


Volume 1, 1879-1886 
Year Pages Plates Year Pages Plates 
1879 l— 56 1—4 1883 225-288 24, 24a—27 
1880 57— 88 5-8 1SS4 289-360 28-37 
1881 89-168 9-18 1885 361-400 38-41 
1882 169-224 19-23 1886 401-487 42 

Volume 2, 1887-1901 
Year Pages Plates Year Pages Plates 
18S7 1-112 43-56 1895 385-416 84-87 
1889 113-184 51-64 1896 417-440 88, 89 
1890 185-240 65-70 1897 441-448 90 
1891 none 41, €2 1899 449-460 91 
1893 241-328 73-76 1900 461-588 92-100 
1894 329-384 77-83 1901 589-782 101-112 

During 1888, 1892 and 1898 no pages or plates were issued 
for the volumes devoted to Rhopalocera. 

Osbert Salvin died during the preparation of volume 2 of the 
text. This has caused some confusion. The exact page at which 
the authorship changes from Godman and Salvin to Godman 
alone is not quite clear in the text. It has generally been stated 
by the very few workers who acknowledge the change in 
Biologia citations that the change takes place with the sub- 
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family Pamphilinae on page 461. The original wrappers def- 
initely place the change a few pages before this. The cover of 
part 147, issued April, 1899, bears, among, others, the following 
citation: ‘‘ LEPIDOPTERA RHOPALOCERA by F. D. Godman and 
O. Salvin (Pp. 449-456)’. The next number, part 148, June, 
1899, bears the following: ‘‘ LEPIDOPTERA RHOPALOCERA Vol. II 
by F. D. Godman (Pp. 457-460, Pl. xci)’’. Thus the joint 
authorship must be cited for all of volume 1 and for pages 1-456 
of volume 2, and for plates 1-90. Godman alone must be 
credited with pages 457-782 of volume 2 and plates 91-112. 
This affects six names usually cited in North American liter- 
ature. These are: 

Erynnis maestus Godman, 1899f. 

Butleria microsticta Godman, 1900f. 

Chaerephon Godman, 1900f. 

Atrytonopsis Godman, 1900f. 

Thespieus Godman, 1900T. 

Melitaea schausi Godman, 1901. 


In no case was the plate containing a figure of a species 
usually considered North American issued in a year previous to 
the text. This may not hold true for all of the species figured 
and described in the Biologia. I have not gone further than 
checking those species included in McDunnough’s checklist. 


INSECT PESTS IN STORED PRODUCTS, by H. Hayuurst. With 132 photo- 
graphs by Harry Britten depicted on 49 half-tone plates. Published by 
CHAPMAN AND HALL, Ltp., 11 Henrietta Street, London, W. C. 2. Price, 
15s and 6d, postpaid. 

Apparently the Annals’ copy of this answer to war storage-of-food needs has 

failed to have a fair chance in the mails. The author’s name carries F.I.C., 

A.M.I. Chem. E., which indicates that he is interested in insecticides.—C. H. K. 


LOOK AT LIFE, by Lynwoop M. Cuace. 178 photographs with explanatory 
captions. .10 x 744 inches. Published by ALFrep A. Knopr, 49 East 33rd 
St., New York City. 
These are photographs of living animals including insects. They are a few 
of the choicest selections from years of distinguished work in this field. The 
samples in the advertising circular are as fine as any we have seen.—C. H. K. 


TWO GENERA OF SYMPHYLA NEW TO THE UNITED 
STATES, WITH DESCRIPTIONS OF THREE 
NEW SPECIES 


A. E. MICHELBACHER, 
University of California, 
Berkeley, California 


As the symphylan fauna of the United States becomes better 
known, it is very probable that species will be found belonging 
to all of the genera now known. From California alone I have 
collected specimens belonging to the following genera: Scuti- 
gerella, Hanseniella, Symphylella, Geophilella, and Symphylellop- 
sis. Hilton (1931) has reported the genus Scolopendrellopsis 
from California, and has also named two new genera, Pseudo- 
scutigerella and Scolopendrellina. The former I feel certain is a 
synonym of Geophilella; the latter I have not yet recognized. 

In my studies of the Symphyla, I have been very much 
impressed by the work of H. Ribaut. He erected the genus 
Geophilella (1913), and his drawings and description of G. 
pyrenaica are very useful. They are so complete that little 
difficulty was encountered in comparing that species with the 
related one considered in this paper. Although he studied an 
organism that offered many difficulties, he arranged its classi- 
fication so that it was easily understandable. In spite of the 
fact that his species was taken in the Pyrenees Mountains, it is 
not widely separated from the one that occurs in this country. 
The same holds true for the European and Californian species 
of Symphylellopsis. It certainly appears that there has been 
very little recent evolution in some of the genera even though 
their species are found in widely separated places in the world. 
It is because of this constancy within genera and the fact that 
symphylans are found so widely distributed in nature that I 
believe that most of the known genera will eventually be found 
within the United States. 

While genera such as Geophilella and Symphylellopsis appear 
to be rather poor in species, Symphylella is very rich. A large 
number of species belonging to this genus have already been 

1In a previous paper (1939) I have reported specimens of Scolopendrella from 
California, but a closer examination of the material shows that it belongs to the 
genus Symphylellopsis. The genus Scolopendrella has, however, been recorded from 


elsewhere in the United States by Hilton (1933). I have not been able to see the 
two species which he has described. 
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reported from California, and evidence at the present time 
suggests that many more remain to be discovered and described. 

Carefully mounted specimens are necessary for studying and 
describing symphylans in detail. Furthermore, unless descrip- 
tions are carefully written it is necessary to have access to the 
type material. Even the best descriptions should be accom- 
panied by carefully prepared illustrations. Some of the recent 
work has fallen short of these requirements, and the type spec- 
imens have not received due consideration. All type material 
should be carefully preserved so that later revisional work will 
be facilitated and made more accurate. 

In this paper all the descriptions and measurements have 
been made from stained and mounted material. 


Genus Geophilella Ribaut 


Geophilelia Ribaut, 1913, Bul. Soc. Hist. Nat., Toulouse 46: 77. 
Pseudoscutigerella Hilton, 1931, Ann. Ent. Soc. Amer. 24 (8): 539, n. syn. 

The genus Geophilella is characterized by having twelve pairs of 
legs and twenty-two tergites. The first tergite is well developed and 
supplied with prominent chitinous bands. Further, none of the tergites 
has any posterior processes. The first pair of legs are well developed 
and are considerably more than one-half the length of the second pair. 

Pseudoscutigerella is described as having no scuta, the whole body 
intricately folded and lobed with few short setae. This character is 
one of the outstanding features of Geophilella and a careful examination 
would show that the dorsal body region of Pseudoscutigerella could be 
divided into twenty-two tergal areas. The first pair of legs is also 
given as being well developed but this is also true of Geophilella. The 
other characters listed for Pseudoscutigerella are minor when compared 
to the above, and the differences are certainly too slight to warrant its 
recognition as a distinct genus. 


Geophilella americana (Hilton)? 
(Plate I, figures 2a to 2h) 


Pseudoscutigerella americana Hilton, 1931 Ann. Ent. Soc. Amer. 24: 540. 


Head elongate, about 1.25 times longer than wide; central rod 
(coronal suture) interrupted at the middle, with lateral branches weakly 
indicated at break; anterior branches (frontal sutures) present but very 
much less distirict than central rod. Post-antennal organs small, their 
diameter hardly more than two-fifths the greatest width of the second 
antennal segment. Antennae of seventeen to twenty-three segments; 
setae on basal segments rather prominent, but much reduced on distal 
segments; setae on inner side of basal segments about one and one-half 


2Dr. H. E. Ewing through the courtesy of Dr. C. F. W. Muesebeck has com- 
pared a mounted specimen of the species here described with the type of Pseudo- 
sculigerella americana and stated that in his opinion it is the same species. 
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times as long as those on outer side. On the third segment from apical 
end and on the next four to six segments small circular sensory organs 
are located along the row of primary setae; usually two occur on a 
segment although sometimes there is only one. A second type of more 
or less circular sensory organ is found on the terminal segments other 
than the apical segment. These sensory organs are much larger, 
although they are very much less distinct than the first mentioned type; 
they are located along the row of primary setae. Including the fergite 
associated with the first pair of legs and the most posterior tergite 
there are twenty-two tergal and fourteen intertergal areas. The tergal 
areas are the zones that contain more strongly chitinized areas and setae 
while the intertergal zones are the less chitinized regions and contain 
no setae. The arrangement of the tergites and the intertergal zones is 
as follows: 

1|2/3, 4/5/67, 8|9| 10] 11, 12| 13] 14/15, 16] 17| 18, 19, 20] 21, 22 

The numbers represent the tergites, while the bars represent the 
intertergal areas. Tergites two to twenty-one inclusive have on either 
side more strongly chitinized areas from which setae arise. The number 
of setae ranges from one to four, depending upon the tergite. The 
number found on the two plates of a given tergite may show some 
variation, and there is also some variation between individuals. For 
example, specimens have been examined in which the number of setae 
found on the plates of tergite twenty-one has ranged from two to four. 
The plates have no free posterior prolongations, that are common to 
most species. In the zone between the chitinous plates two to four 
setae arise, depending upon the tergite. On the lateral margins of 
tergites two and three and the odd numbered ones thereafter arise 
well-developed setae; on tergites two and three they arise near the 
anterior edge, but on the following tergites they are found nearly midway 
between the anterior and posterior margins. There are twelve pairs 
of legs; first pair well developed and about 0.8 as long as the second, 
the twelfth pair of legs about two-thirds as long as the length of the 
head, one rather short seta arises from the trochanter, two from the 
femur, four from the tibia and four from the tarsus; those arising from 
the tarsus considerably longer than the greatest width of the segment; 
the tarsus about two and one-half times longer than broad; claws 
simple and nearly equal. Styli reduced to the smallest knobs nearly 
vestigial. Seven pairs of fully developed coxal sacs, located at bases 
of third to ninth pair of legs inclusive. Cerci small, hardly one-half 
the length of the head, covered with rather long recurved setae, their 
length equal to at least one-half the greatest width of the cerci. Integu- 
ment of cerci with reticulation that gives them the appearance of pine 
cones; terminal area about two-thirds as long as the greatest width 
of the cerci; terminal. seta large, about half the length of the cerci. 
Length of cerci about two and one-fourth times their greatest width. 
The species ranges in length from 2 to 2.5 mm. 


This species is found widespread in California. It has been 
taken by the writer at Point Reys, Calaveras Dam, Moraga, 
Briceburg, Idyllwild, and at several other localities. It has been 
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found in many different environments, having been taken in 
the sandhills at Point Reys, in a shaded canyon at Calaveras 
Dam, in grazing land near Moraga, and high in the mountains 
at Idyllwild. It has short legs and moves about very slowly. 

This is the second species of the genus. It is separated from 
G. pyrenaica Ribaut by at least one good character. In G. 
pyrenaica there is an intertergal zone between the eighteenth 
and nineteenth tergites, while in G. americana this is lacking so 
that tergites 18, 19 and 20 are contiguous. In G. pyrenaica 
only nineteen and twenty are contiguous. Also, Ribaut has 
figured the fifth tergite in detail, and in the figure only three 
setae are shown to rise from each of the lateral plates, whereas 
in all specimens of G. americana examined four setae arise from 
each of the plates. 


Symphylellopsis alba n. sp. 
(Plate I, figures la to 1) 


Head elongate, about 1.3 times longer than wide; central rod (coronal 
suture) somewhat constricted at the middle but not interrupted and 
without lateral branches; the anterior half becomes less distinct and 
disappears at a point midway between the postantennal organs; anterior 
branches (frontal sutures) not visible. Diameter of postantennal organs 
two-thirds width of the second antennal segment, and with a prominent 
tube opening to the exterior. Antennae of sixteen to twenty-one seg- 
ments; setae on basal segments fairly well developed, but greatly reduced 
on distal segments; setae on inner side of basal segments about twice as 
long as those on outer side. On third segment from apical end and on 
the following four to six segments circular sensory organs are found 
located along the row of primary setae; they are much longer than a 
similar type of organs found in most other species; usually one is found 
located on the third segment, two on the next and one each on the 
following segments. Another type of sensory organ slightly similar 
to the above but much less distinct is found on the three segments below 
the apical ones; these organs are located along the row of primary setae. 
Including the tergite associated with the first pair of legs, and the most 
posterior tergite there are twenty-two tergal and fifteen intertergal 
areas. The tergal areas are marked by heavier chitinized areas from 


EXPLANATION TO PLATE I 


Fig. 1. Symphylellopsis alba n. sp., la, tip of antenna; 1b, head (setae not drawn 
in); lc, first tergite; 1d, second tergite; le, third and fourth tergites; 1f to lg, 
sixth to eighth tergite; lh, twenty-second tergite; li, spinneret; 1j, hind leg. 


(all X210). 


Fig. 2. Geophilella americana (Hilton), 2a, tip antenna; 2b, head and first tergite; 
2c, second tergite; 2d, third and fourth tergites; 2e, fifth tergite; 2f, eighteenth 
to twenty-second tergite; 2g, hind leg; 2h, spinneret. (all X210). 
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which setae arise, while the intertergal zones lack these characteristics. 
The arrangement of the tergites and the intertergal zones is as follows: 
1}2/3, 4/5, 6|7, 8/9} 10/11, 12} 13) 14)15, 16) 17|18}19, 20) 21, 22 


The numbers represent the tergites, while the bars represent the 
intertergal areas. The intertergal zone between the 18th and 19th 
tergite is weakly developed. A pair of chitinous projections arises from 
tergites 2, 4, 5, 6, 8, 9, 10, 12, 18, 14, 16, 17, and 20. On each of the 
processes somewhat removed from the tips a seta is inserted and setae 
are also inserted just anterior and to either side of the bases of the 
processes. The chitinous band of the first tergite well developed. 
There are twelve pairs of legs; first pair well developed, scarcely one-half 
as long as the second; the claws simple and the anterior one somewhat 
larger than the other; twelfth pair of legs about three-fourths as long as 
the length of the head; two setae arise from the upper surface of the 
femur, two from the tibia, and four from the tarsus. The setae inserted 
at the center of the tarsus as long as the greatest width of the segment. 
The tarsus about three times as long as wide. Claws simple, although 
the anterior one appears to be more strongly curved than the other. 
Styli reduced to the smallest knobs, nearly vestigial. Seven pairs of 
fully developed coxal sacs located at bases of third to ninth pair of legs 
inclusive. Cerci small, about one-half as long as the length of the 
head, and at least three and one-half times as long as its greatest width; 
sparsely covered with long setae, the longest at least two-thirds the 
greatest width of the cerci, terminal area prominent, nearly as long as 
the greatest width of the cerci, and circled at the base by a row of 
recurved spines. The terminal setae as long as the terminal area. 
The pair of long posterior sensory hairs that arise from bulbous bases 
much coarser than found in most species. Length of Holotype 1.9 mm. 
Range for species 1.8 to 2.35 mm. 

Holotype, No. 4968, California Acad. Sci., Ent. 

This species has been collected in only a single locality in 
Riverside, in a garden on the northeast corner of Third and 
Market Street. Specimens were taken on November 28, 1936, 
and again April 12, 1939. It is very closely related to S. arver- 
norum Ribaut. Ribaut did not give a complete description of 
S. arvernorum. He stated (1931) that S. arvernorum differed 
from S. subnuda (Hansen) in that the third tergite is divided 
and that the tergites in the region of the fourth to ninth segment 
are much longer. Otherwise he added that it is like S. subnuda. 
S. alba agrees with the two characters described for S. arver- 
norum by Ribaut and except for these characters it checks rather 
closely with S. subnuda. However, Hansen (1903) stated in his 
description that the central rod (coronal suture) was interrupted 
at the middle, and in his figure Ribaut has shown S. arvernorum 
with the central rod interrupted. In S. alba the central rod is 
constricted at the middle but not interrupted. The chitinous 
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thickenings associated with the first tergite are rather prom- 
inent in S. alba whereas in S. arvernorum Ribaut has not figured 
them as such. Also, the setal arrangement on this tergite is 
different from that shown for S. arvernorum. In S. alba there is 
a pair of setae that has its insertion in the chitinous band. 
Ribaut has also figured S. subnuda and between the 18th and 
19th tergites he indicates no intertergal zone whereas in S. alba 
an intertergal zone is weakly developed. 


Symphylella geum n. sp. 
(Plate II, figures la to 1g) 


Head elongate, about 1.3 times longer than wide; central rod (coronal 
suture) interrupted at about the middle, without lateral branches; 
anterior branches (frontal sutures) prominent and nearly as distinct as 
the central rod. Diameter of postantennal organ about half the 
greatest width of the third antennal segment. Antennae of seventeen 
to twenty one segments (type left antenna twenty-one segments and 
right sixteen segments); setae on basal segments prominent and rather 
long, but much reduced on distal segments; setae on inner side of basal 
segments considerably longer than those on the outer side; the beginning 
of a second whorl of setae commences at about the tenth or eleventh 
segment. On the left antenna of the type on the third segment from 
the tip, and on the next eight segments small circular sensory organs 
are found along the row of primary setae. There are two of these 
structures on the third, fourth, and fifth segments and one each on the 
next six segments. This is the usual arrangement for the species 
although some variation can be expected. The sensory organs may not 
be found on as many as nine segments, and on some segments where the 
expected number is one, there may be two and vice versa. On the next 
to the apical segment and for the following one or two a second type of 
sensory organ is located in line with the primary row of setae; these 
organs are somewhat elongate and less distinct than the first mentioned 
type. The segments of the antennae are much wider than long. Only 
the thirteen fergites having the triangular processes are considered, and 
these are referred to by numbers. In all cases the processes are promi- 
nent. The distance between the processes of the first tergite at their 
bases about two times as long as the width of the processes. The 
length of the processes of the second tergite greater than their width 
at the base, while the length of those of the third tergite is only about 
as long as their width at the base. The anterior lateral setae of the 
second tergite just slightly more than one-half the length of the processes. 
In the case of the third tergite the anterior lateral setae about equal 
the length of the processes. The number of setae found between the 
anterior lateral and the apical setae shows considerable variation even 
in mature specimens. The number found on the two sides of the 
different tergites in the type are shown in Table I. Not only may a 
variation in the number of setae be found on the same tergite of different 
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individuals, but a variation may be noted on the two sides of a tergite 
in the same individual. The apical setae are located considerably 
back of the tip of the processes. The first pair of /egs reduced to wart- 
like structures, the remaining pairs well developed and sparsely covered 
with setae. Tibia of last pair of legs with five prominent setae on 
upper surface, their length more than one-half the width of the seg- 
ment. Tarsus with six prominent setae on upper surface, at least three 
and probably four of which are protruding, their length nearly as 
great as the greatest width of the segment. Tarsus about 3.4 times 


TABLE I 
NUMBER OF SETAE FOUND BETWEEN THE ANTERIOR LATERAL SETAE 


AND THE APICAL SETAE ON THE TERGITES WHICH HAVE 
TRIANGULAR PROCESSES 








NUMBER OF SETAE* 





TERGITE NUMBER : 
Sym phylella Sym phylella 





geum sp. n. longiseta sp. n. 
1 4-4 7-7 
2 5-6 9-9 
3 3-3 5-5 
4 4-4 6-6 
5 6-6 10-? 
6 3-3 5-? 
7 4-4 6-8 
S 4-5 9-9 
9 3-3 6-6 
10 3-4 8-6 
11 5-5 9-7 
12 3-3 6-5 
13 3-? 6-7 








*The number of submarginal and marginal setae between the anterior-lateral 
setae and the apical setae, and the variation observed on the two sides of the 
same tergite in the type specimen. 


as long as wide. Length of twelfth pair of legs slightly less than 0.9 
length of head. Styli reduced to very small, cone-like structures; on 
their tips there is a seta which is about as long as the length of the 
styli. Claws nearly equal although the anterior one may be a little more 
strongly curved. Seven pairs of fully developed coxal sacs located at 
bases of fully developed legs from second to eighth pair inclusive. 
Cerci large, rather sparsely covered with setae, those on inner surface 
recurved and nearly of equal length, while on the outer surface there are 
short setae similar to those on the inner side and also some much longer 
protruding setae. Length of cerci about three times their greatest 
width, and only a little more than one-half the length of the head. 
Length of holotype, 2.4mm. Range for the species 2.4 to 2.7 mm. 
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Holotype, No. 4969, Calif. Acad. Sci., Ent. 


This species was collected at Idyllwild, California. It is 
easily separated from any other members of the genus that I 
know to occur in California. It is most closely related to S. 
capitata and S. sierrae, but is a smaller species, and the cerci are 
more sparsely covered with setae. Also, the tips of the tergal 
processes are not produced into knobs. Further, the distance 
between the processes at their bases on the first tergite is much 
greater in S. gewm than in the other two species. Also, in S. 
geum there are five setae on the upper surface of the tibia of the 
twelfth pair of legs, while in S. capitata and S. sierrae there are 
only four. There are many other differences too numerous to 
mention. S. geum also appears to be related to S. pusilla 
(Hansen) but is separated from it by a number of characters. 
It is a larger species, and the greatest number of antennal seg- 
ments observed in any specimen was twenty-one, whereas in 
S. pusilla the type contained twenty-seven segments. Although 
there is a considerable range in the number of antennal segments 
found in different individuals of the same species, all evidence at 
hand would indicate that twenty-one segments is near the upper 
limit for S. gewm, 


Symphylella longiseta. n. sp. 
(Plate II, figures 2a to 2g) 


Head elongate, about 1.25 times longer than wide; central rod 
(coronal suture) interrupted at about the middle; anterior branches 
(frontal sutures) prominent but less distinct than the central rod. 
Diameter of postantennal organs considerably less than one-half the 
width of the third antennal segment. Antennae of twenty segments 
on right antenna and seventeen segments on left antenna; setae on 
basal segments prominent but much reduced on distal segments; 
setae on inner side of basal segments two times as long as those on 
outer side; the beginning of a second whorl of setae commences at 
about the ninth segment. On next to apical segment three circular 
sensory organs are located along the row of primary setae and one or 
two of these organs are located on the other segments as follows: right 
antenna 3, 1, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 1, and 1; left antenna 3, 2, 1, 
1,1, 1, 2,0, 1and1. A second type of less distinct elongate sensory 
organs is found associated with the above mentioned organs. These 
organs are rather numerous and are found on the next to the apical 
segments and on a large number of the following segments. Only the 
thirteen tergites having the triangular processes are considered, and 
these are referred to by numbers. The processes are prominent, and 
their tips are not produced into knobs. The distance between the 
processes of the first tergite at their bases hardly one-half the distance 
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of the width of the processes. The length of the processes of the 
second tergite scarcely longer than their width at the base. The 
anterior lateral setae of the second tergite only about three-fourths 
the length of the processes; in case of the third tergite the anterior 
lateral setae slightly longer than the length of the processes. The 
number of setae found between the anterior lateral and apical setae on 
the two sides of the thirteen tergites having the processes is shown in 
Table I. The apical setae are located considerably back from the tips 
of the processes, and in several cases there are actually no apical setae, 
as is the case in the processes of tergite three. This, however, is a 
variable character, for in the second specimen in my possession the 
processes of the third tergite do have apical setae. The first pair of 
legs reduced to wart-like structures, remaining pairs well developed, and 
sparsely covered with setae. Tibia of last pair of legs with four setae 
on the upper surface, their length more than one-half the greatest width 
of the segment. ‘Tarsus with six setae on upper surface, their length 
considerably more than the greatest width of the segment; the tarsus 
nearly five and one-half times longer than its greatest width. The 
claws are unequal, with the anterior one being very much the larger. 
Last pair of legs about as long as the head. Styli reduced to narrow 
cone-like structures, densely covered with hairs and at least three times 
as long as their width at the base. Cowal sacs located at bases of fully 
developed legs from second to eighth pair inclusive. Cerci well covered 
with setae; those on inner surface recurved and nearly all of equal 
length while those on outer surface of two types; shorter recurved setae, 
and a scattering of longer protruding setae. Cerci nearly 3.5 times as 
long as their greatest width, and only about .7 as long as the length of 
the head. The terminal area less than one-half the greatest width of 
the cerci. Length of holotype 4.5 mm. 


Holotype, No. 4970, Calif. Acad. Sci. Ent. 

This species was collected in a shady side canyon in a silty 
sandy loam soil near Calaveras Dam in Alameda County on 
March 15, 1939. At this time only a single adult specimen was 
taken. The locality was visited several times subsequently, but 
only one more specimen of the species was collected on April 27, 
1939. The second specimen was not mature as it had only ten 
fully developed pairs of legs and measured 3.8 mm. in length. 
Ordinarily I would hesitate to name a species from so little 
material, but the two specimens were in excellent condition 


EXPLANATION OF PLATE II 


Setae on heads not drawn, and on the tergites only the marginal and sub- 
marginal setae are shown. 
Fig. 1. Symphylella geum n. sp., la, tip of antenna; 1b, head; Ic to le, first three 
tergites having the triangular projections; 1f, hind leg; 1g, spinneret. (all X210). 
Fig. 2. Symphylella longiseta n. sp., 2a, tip antenna; 2b, head; 2c to 2e, first three 
tergites having the triangular projections; 2f, hind leg; 2g, spinneret. (all X105). 
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after being mounted. Further, the important characters 
observed in the type were plainly seen in the specimen with ten 
pairs of legs. The relationship between the two specimens was 
so close that all possibility of their being variations of some 
other species could be completely dismissed. 

The species is rather closely related to S. essigi but is sep- 
arated from it by a number of good characters. On the outer 
surface of the cerci there are a number of long protruding setae, 
while in S. essigi there never appear to be more than one or two 
such setae. The tarsus is about five and one-half times as long 
as wide while in S. essigz it is only four and one-half times as 
long as wide. On the upper surface of the tarsus there are six 
setae, while in S. essigz there are from 7 to 9. The small circular 
sensory organs on the antennae begin on the next to the apical 
segment, while in S. essigi they start on the third segment from 
the tip, and occur on a fewer number of the following segments. 
There are numerous other differences, but the above-mentioned 
seem sufficient to separate the two. S. longiseta is also somewhat 
closely related to S. subterranea, but here again a number of 
very good characters separate them. S. subterranea is a larger 
species, has more marginal and submarginal setae between the 
anterior lateral and apical setae of the tergites having the 
processes, the tips of the processes are produced into knobs, and 
the marginal and submarginal setae of the tergites are somewhat 
shorter than in S. longiseta. In S. longiseta the setae on the 
tergites are very long. 
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I, INTRODUCTION 


Tribolium confusum Duval, the confused flour beetle, releases 
a gas with very interesting properties. Previous accounts of this 
secretion have dealt with its deleterious effect on food sub- 
stances infested with the beetle (Payne 1925). In addition to 
data of economic interest, some recent observations (Chapman 
1926) have raised the question of the effect of the gas on the 
various developmental stages of Tribolium. It has been sug- 
gested that the appreciable percentage of abnormal adults found 
in infested food stuffs might possibly be due to the exposure of the 
immature beetles to high concentration of the gas. 

The main purpose of the present investigation was the 
isolation of the gaseous secretion and the study of its effect on 
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known developmental stages of Tribolium. In the course of 
the work many other related problems arose, chief among these 
being the chemical nature of the gas, and the development and 
histology of the gas-producing glands. Both of these questions 
will be fully considered in a later paper. 


Il. HISTORICAL SURVEY 
THE LIFE CYCLE OF TRIBOLIUM CONFUSUM DUVAL 

Tribolium confusum Duval is a Coleopteron of the family Tenebri- 
onidae, found wherever cereal products are stored. The following 
description may be regarded as the “normal” life cycle of Tribolium, in 
the sense that it is the cycle as it would occur in an organism living 
continuously under favorable environmental conditions. 

A. The Egg.—The eggs are laid free in the medium or are attached 
to the surface and corners of the receptacle containing the food. 

B. Larvae.—Larvae possess a forked termination on the last body 
segment which may distinguish them from the somewhat similar appear- 
ing larvae of Gnathocerus, Palorus, or Alphitobius whose bodies end 
caudally in a single point (Good 1936). Brindley records the entire 
length of a newly hatched larva as 1.18 mm. with a width (across the 
head capsule) of 0.18 mm. and reports five molts up to the time of 
pupation. Chapman (1918) at first claimed that there were always six 
instars but later showed that external conditions may increase this to 
twelve. 

Chapman (1918) and Good (1936) determined the number of the 
instar by measuring the width of the head capsule. Although there is 
considerable variation, there is no overlapping of the measurements of 
an individual of one stage with those of the next until after the sixth 
instar. 

C. Pupae.——tThere is a longer period of inactivity before pupation 
than before the preceding larval molts, and the larva contracts greatly. 
Pupation occurs on the surface of the medium, the pupa lying ventral 
side up with the old larval skin attached to the posterior end. It is 
white (PI. II, fig. 9) until about the middle of the pupation period, when 
it gradually turns pale yellow and finally brown. The eyes become 
black and the claws and tips of the mandibles turn to a dark brown just 
before eclosion. 

D. Adults.—The adult is reddish brown, 3.5 mm. long and 1.02 mm. 
wide in the thoracic region. Immediately after emergence, the adult is 
soft, inactive and light brown in color. But the exoskeleton hardens 
and the beetle becomes reddish brown in one or two days. 


FACTORS CAUSING VARIATION IN THE NORMAL LIFE CYCLE 
OF TRIBOLIUM 
A. Temperature and Humidity.—As would be expected, temperature 
and humidity greatly influence the rate of development of the different 
stages of Tribolium. Good (1933) (1936), Brindley (1930), Chapman and 
Baird (1934), and Sweetman and Palmer (1928) reared Tribolium at 
various constant temperatures and relative humidities. 
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A review of their data shows that the duration of all stages is length- 
ened by lower temperatures and that the optimum temperature lies 
between 25° and 30° C. with an average relative humidity of about 73%. 

Nagel (1934a) reported on the resistance of different stages of 
Tribolium to low temperatures ranging from 12° C. to —18° C. The 
greatest resistance of eggs occurs when 72-96 hours old. Larvae turn 
black when killed by freezing; some of these individuals may turn black 
in irregular areas. Pupae are killed more easily by low temperature than 
other stages, while at 7° C. adults are more resistant than other stages. 

The same investigator (1934a) obtained abnormal individuals by 
subjecting different stages of the beetle to different low temperatures. 
Negative results were obtained with exposures at 12° C., 7° C., and 
—18°C. At —12° C., one winged larva was obtained from 1050 exposed 
larvae. At —6° C. 58 abnormal individuals were obtained from 950 
exposed larvae, the exposure from 1—6 hours producing the greatest 
number of abnormalities. Exposed larvae younger than the last instar 
produced no striking abnormalities and those that were found were 
confined to the legs and thoracic segments. Two of the 52 monsters 
possessed the same deformities. All bore wing pads which varied from 
slightly noticeable lateral projections to well formed wing pads such as 
are possessed by normal pupae. These individuals he called meta- 
thetelous. Oosthuizen (1935) found that many adults developing from 
pupae exposed for short periods to 44° C. had deformed wings or pupa- 
like abdomens. These died after a few days. 

Oosthuizen and Shepard (1936) obtained results rather similar to 
Nagel (1934a) by exposing mature larvae to high temperatures (44° C., 
46° C., and relative humidities of 0%, 30%, 75%). The abnormal indi- 
viduals looked like larvae but had legs and antennae similar to those 
found in pupae. These workers sectioned normal and abnormal larvae. 
They found that the pupal wing pads of normal mature larvae are 
already evaginated, lying below the larval cuticula. These are the 
animals which develop wing pads or become prothetelous (pupal organs 
in the larva) when subjected to high temperatures. Sections of pro- 
thetelous larvae with well formed pupal wing pads showed these to be 
completely evaginated. 

B. Nutrition—The rate of development of Tribolium confusum is 
greatly influenced by the kind of medium on which it feeds. Hayhurst 
(1937) lists 70 varieties of foods which Tribolium confusum may infest. 
As its mouth parts are not adapted to attacking large hard pieces of 
food, the beetle can not feed on any whole grain (Chapman 1931), but 
once a kernel is injured it may be readily destroyed. Although the 
beetles show no olfactory selection of food (Chapman 1931) the adults 
do show a preference for a coarse medium, that is, one in which they can 
crawl about easily (Chapman 1918). Good (1935) found most satis- 
factory whole wheat flour, middlings, bran, corn meal, and white flour in 
the order named. Chapman (1924) stated that wheat germ was a better 
food for growth and transformation than anything else tried. Bushnell 
(1938) reported that larval development of Tribolium is much more 
rapid when yeast is added to a growth deficient medium. He con- 
cluded that yeast is a good source of the growth promoting substance 
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for Tribolium larvae and that there is sor-**‘ng in yeast ‘‘which facil- 
itates metamorphosis as shown by the ear.cr appearance and larger 
number of pupae in a yeast supplemented medium.” Sweetman and 
Palmer (1928) found that commercial wheat embryo is an optimum food 
and they also consider that vitamin B is essential for growth of these 
beetles, as there was a definite decrease in the growth rate when the 
amount of vitamin B was diminished. 

Chapman (1924) concluded from nutritional studies that symbiotic 
microorganisms are not important in the life of Tribolium for he found 
no microorganisms in the intestine. Sweetman and Palmer (1928) report 
that a study of intestinal contents ‘failed to reveal any consistently 
occurring organism which might be a symbiotic source of nutritional 
constituents.”” However, Park (1934) states that gregarines have been 
reported from Tribolium and these protozoa have often been found in 
large numbers both in larvae and adults of our beetles. Sumner (1936) 
believes that the larvae of Tenebrio molitor, a species related to Tri- 
bolium, grow more rapidly and have a lower mortality rate when 
infested with gregarines. She concluded that gregarines are needed for 
normal growth and longevity in Tenebrio molitor. Bushnell (1938) 
believes that yeast enhances the egg production of the female beetles. 


C. Population—Chapman (1928) found that no matter what the 
initial number of adults was in seeding a medium, a population was 
finally reached which was constant for the number of individuals per 
gram flour, provided the medium was changed. This was due to a 
balance between the potential rate of reproduction and the eating by 
adults of eggs, pupae, and to a certain extent larvae, all of which finally 
results in a relatively constant number of individuals. Park (1932) (1933) 
found that intermediate sized populations grow more rapidly than 
smaller or larger groups and gives two factors which might explain this 
condition. Firstly, cannibalism is greatest in crowded cultures where 
more eggs could be found by random moving beetles. This favors an 
increase in minimal sized groups. Secondly recopulations, which stim- 
ulate the ovipositional rate, (Dick 1937), (Park 1935), of females can 
occur more frequently in concentrated populations and this would favor 
the increase in maximal sized groups. The interaction of these two 
factors causes an intermediate sized population to have the greatest 
initial increase. 

Park (1934-88) has investigated the physiological effects of condi- 
tioned flour (flour altered by the beetles themselves) on Tribolium and 
its populations. He concluded that, if the medium in which a dense 
population of beetles is present is not renewed every 48 hours, crowding 
will increase larval and pupal mortality and the duration of the larval 
period. However, he did not claim that the crowding itself was detri- 
mental except in its effect on the environment which in turn caused the 
decline of the Tribolium population. 


D. Gases.—Of the factors influencing the life cycle of Tribolium 
confusum Duval, the one most important for consideration in relation 
to the present problem is that of gases. 

As early as 1896, Chittenden found that the flour beetles convert 
flour into a gray useless mass and that a few individuals were enough to 
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give a “persistent and disagreeable odor to the infested substance.” 
Payne (1925) noticed that adults did more damage to flour than did the 
larvae and thought that the gas given off by the adults might be the 
damaging agent. She found that flour, in which Tribolium confusum 
were bred, became colored with a pinkish tinge which had a distinct 
pungent odor. She attempted to isolate the secretion, by the following 
method: Using a pint of beetles, air was drawn over them and bubbled 
through distilled water in which the gas became dissolved. The gas 
imparted a red color to the water and the solution gave an aldehyde 
reaction. She found that the gas deleteriously affects the viscous and 
elastic properties of a dough made from flour. Park (1934) reported 
that Dr. John Stanley believed “‘ . . . the gas along with certain fluids 
found in Tribolium may be irritating to man resulting particularly in 
gastric disorders.” 

Chapman (1926) stated that when adult Tribolium were stimulated 
especially by rubbing, they gave off a gas which smelled like an aldehyde. 
It irritated the mucous membrane of the nose and turned flour and 
certain other materials pink. In high concentration it irritated the eyes. 

By a very simple technique, Chapman tested the effect of the gas’on 
the immature forms of the beetle. Placing the adult beetles in a small 
container, he shook them until the odor was strong and then suspended 
over these adults the larvae and pupae to be tested. From last instar 
larvae treated in this manner larval monsters were obtained which 
possessed pupal wing pads. None of these larval monsters meta- 
morphosed into adults. 

He also obtained monstrous adults by exposing pupae to the action 
of the gas. Certain body regions, especially the legs, showed a reduction 
in size or were absent altogether. A low percentage of monsters (10%) 
resulting from exposed larvae is, Chapman believes, due partly to the 
fact that only larvae actually undergoing metamorphosis may be 
affected, and these can not be distinguished from the immature larvae 
before exposure. 

Oosthuizen and Shepard (1936) obtained larval monsters, i. e., larvae 
possessing pupal wing pads, by exposing mature larvae to the fumes of 
carbon dioxide. Shepard according to manuscript data reports that 
winged individuals developed from certain exposures of Tribolium 
larvae to fumigants. In a personal communication (1939) Chapman 
states, “I am not certain that the work I did demonstrated that it was 
this gas that produced the effect. It is entirely possible that it was due 
to a lack of oxygen or an accumulation of carbon dioxide.” 

Horsfall (1934) described the effects of ethylene oxide on the pre- 
pupae and pupae of Tribolium. Given the same degree of oxide, more 
abnormalities were obtained from prepupae than pupae. The adults 
resulting from affected individuals possessed elytra which were short or 
spread. Some had unsclerotized legs and elytra and one individual had 
hooked antennae. 


III. MATERIALS AND METHODS 


The immature stages of the beetle, treated with gas, crystals, and 
quinone, were raised on whole wheat flour (Wheatsworth). A mixture 
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of 30 gms. of whole wheat flour and 10 gms. of powdered unirradiated 
yeast! was used for adults when eggs were to be collected. About 50 
adults per finger bowl were added to the 40 gm. mixture and kept in the 
incubator at 26° C. After five or six days the beetles were sifted crom 
this medium with a coarse wire mesh and the eggs were then separated 
by sifting with a No. 3 stensilk bolting cloth. These eggs were placed in 
finger bowls containing whole wheat flour (200 eggs per 80 gm. flour) 
and reared at 26° C. The various stages used were sifted from the flour 
when needed. No experimental animals were ever in contact with adults. 

The adults used as a source of the gas and crystals were raised on 
whole wheat and white flours, rolled oats, oatmeal, cornmeal, and soy 
bean meal. Since it was not possible to sift the beetles from material 
such as rolled oats, it was necessary to devise another method of sep- 
aration. If an upright card is stuck into the oats the beetles crawl to 
the top as they are negatively geotropic. They then can be brushed into 
a flask. With finer materials, like flour, the beetles can merely be sifted 
out with a wire mesh and brushed into a flask. 

As Chapman’s method of gassing his larvae and pupae was quanti- 
tatively variable, it was thought desirable to obtain the gas in a more 
concentrated form. A method was devised? whereby the gas could be 
collected and conveniently used for experimental purposes. Figure | 
shows a diagram of the apparatus. Air is drawn in by suction, over 
H.SO, which dries it, and the glass wool catches any droplets of the acid 
which may be carried over. The dry air passes over the beetles (about 
25 cc. of beetles was used for each collection) taking with it any gas 
which may be given off. The collecting trap is inserted in a beaker 
which is filled with dry ice and acetone (about —60° C. or below). When 
the gas reaches the trap it condenses, together with the water which has 
been given off by the beetles. The tube containing KI+H.SO,+ 
starch solution is used to indicate whether any gas escapes the trap. If 
this occurs the iodine will be released from the KI and the solution will 
become blue-black (starch indicator). 

Payne (1925), who collected the gas in distilled water, reported that 
the beetles do not give off the gas continuously and for that reason she 
discontinued the suction at intervals. This was also found to be the 
case in our experiments, i. ¢., at times no crystals would condense in the 
trap. Therefore the flask containing the beetles was immersed in a beaker 
of ice water which stimulated them to give off the secretion in greater 
quantities. This is in agreement with the observation of Nagel (1934a) 
who found that when adults of Tribolium are injured by low temperature 
they give off a vapor which imparts a pink color to flour. The intensity 
of this color varied directly with the length of exposure to the low 
temperature. 

For inactivating animals by low temperatures and observing the 
ejection of the secretion, adults were placed on Petri dishes which were 
resting on ice cubes and the process followed under the binocular dis- 


'1The authors wish to thank the Fleischman laboratory (Bronx, N.Y.C.) for 
a supply of unirradiated yeast. 

*The authors wish to express their thanks to Mr. Lawrence Atkin for sug- 
gestions concerning collection of the gas. 
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secting scope. When the beetles are inactivated on ice the secretion is 
given off as an oil which crystallizes on the body of the animal and can 
be collected on a needle point for use. These crystals give the positive 
iodine test and also will vaporize even though kept on ice. This is 
apparently a case of sublimation. When removed from the ice, the 
crystals melt and are a very volatile liquid at room temperature. 
Thus by immersing the flask containing the beetles in ice water, one 
is certain that the secretion has been given off and the condensation of 
crystals is no longer erratic. If the ice water is removed, and the flask 
permitted to come to room temperature, the crystals volatilize rapidly 
and are condensed in the dry ice trap. The beetles can then be inacti- 
vated again and the procedure repeated until a large yield of the sub- 
stance is obtained. Although the apparatus may be kept going as long as 
the gas can be collected, the beetles are being desiccated and too much 


Apparatus used for collecting the gas given off by Tribolium adults. 
A, Gas washing bottle containing H,SO,. B, Test tube containing glass 
wool. C, Beaker containing ice water. D, Flask containing adult beetles. 
E, Collecting trap. F, Beaker containing dry ice and acetone. G, Tube 
containing KI+H,SO,+ starch solution. The arrows indicate the direction 
of suction. 


water may condense in the dry ice trap. After the gas is collected, the 
trap can be plugged at both ends and placed in the refrigerator until 
needed. 

For treating various stages of Tribolium with the gas, an arrange- 
ment similar to the one shown in Figure 2 was set up. The trap 
containing the condensed gas is placed so that control vials are con- 
nected with it to the left and the experimental vials to the right. Only 
four vials are shown in the figure but as many more can be used. Suc- 
tion draws the air, from left to right, over the controls, down into the 
trap which contains the gas, then over into the experimental vials. 
Thus the rate of flow of air is the same over the controls as the exper- 
imentals but the experimentals are getting air plus gas. The rate of air 
flow is large enough to prevent lack of oxygen, etc., from affecting the 
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animals in the vials. The KI starch solution is used as an indicator to 
show that the gas has been drawn over the animals. 

For treatment with para-benzoquinone fumes, the same set-up as 
shown in Text figure 2 was used but a vial containing the quinone crystals 
was substituted for the trap containing the condensed gas. 

When crystals of the secretion were applied directly to various 
stages of Tribolium, the following procedure was used. A finger bowl 
was filled with ice cubes and a Petri dish placed on these cubes. Adults 
were brushed on to the Petri dish and inactivated. The secretion was 
given off and crystallized on the body. Two binocular scopes were then 
brought close together, animals to be treated being placed under one, 
while the inactivated beetles were placed under the other. The crystals 
were then picked off adults, with steel needles, and quickly applied to 
the experimental animals. The crystals melted down and spread over 
the insect so rapidly that it was difficult to apply the substance to a 
very small localized area. However, it was possible to apply it to the 








Fic. 2. Apparatus used for treating the various stages of Tribolium with the 
vapors of the gas given off by the adults. A, Collecting trap containing 
the condensed gas. B, Tube containing KI+H,SO,+ starch solution. C, Vials 
containing control animals. E, Vials containing experimental animals. The 
arrows indicate the direction of suction. 


legs on the right or left side or to one side of the head of a pupa. Actively 
moving animals (last instar and younger), when used as experimentals 
or controls, were immobilized on ice before the crystals were applied. 

Other methods for collecting the active secretion were used with 
less satisfactory results. About 12 cc. of beetles were steam dis- 
tilled to give a yellow solution. The yellow color was extracted by 
ether. The ether was dried with Ca,SO, (drierite) and then evaporated 
off by gentle application of suction, leaving a brownish yellow oil. 
Ether, poured directly on the beetles, turns yellow and therefore seems 
to extract the substance sought from the animals. In both of these 
methods, however, it was found that too many impurities were collected. 
The dry ice technique gave by far the best results. 

Whole mounts were made of abnormal individuals. Abnormal heads 
and appendages were dissected away from the animals, dehydrated in 
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alcohol, cleared in xylol and mounted unstained in balsam. Sections 
were made of abnormal pupae. These were fixed in Dietrichs’ solution, 
embedded in 52 degrees paraffin, and stained with Harris’ Haematoxylin 
and Eosin. 


IV. CERTAIN PROPERTIES OF THE GAS 


When first collected in the trap, the gas given off by Tribolium adults 
may have a brownish yellow oily appearance if too much water condenses 
with it. However, it may also condense in the form of long, brownish 
yellow crystals which crystallize out in the center tube of the trap. 
After standing in the dry ice for a few hours the color changes to a deep 
red. Over night the condensed gas becomes a dark blue and finally 
black. Somewhat similar color changes occur in the ether extract. If 
the extract contained in a Petri dish is placed on dry ice it turns red. 
Removing the dish from the ice and heating with the palm of the hand 
causes the extract to turn blue in the warmed region. The extract, unlike 
the gas, does not become black but remains blue, a further indication of 
a difference between the properties of the extract and the gas collected 
by other methods. Under the binocular microscope minute crystals can 
be seen in the blue region but there is no sign of crystals in the red area. 
In general the color changes are reversible, the blue extract when 
warmed sufficiently returns to its original yellow color. 

The exuded substance is very volatile and is a brownish yellow liquid 
at room temperature. Its odor greatly resembles that of a quinone, 
and the fact that quinones also undergo peculiar color changes further 
emphasizes a possible chemical relationship. Quinones are oxidizing 
compounds which release iodine from KI. It was found that by bubbling 
the unknown gas through a solution of KI+H.SO,+ soluble starch, 
iodine was released thus changing the colorless solution to a deep blue 
black. The same color changes may be observed if adults are activated 
or dissected in a KI starch solution or if they are permitted to walk over 
acidulated KI starch paper. In the latter case, the secretion may be 
observed being ejected from two openings in the thorax and two in the 
abdomen near the anus. A description of the glands producing the 
secretion will be discussed fully in a later paper. 


V. EXPERIMENTAL DATA 


A. EXPposuRE OF LAsT INSTAR LARVAE, PREPUPAE AND PUPAE 
TO THE GAS 


To aid in the selection of developmental stages for treatment, 
reference was made to previous literature for diagnostic criteria. Good 
(1936) observed that, when fully grown, the larvae come to the surface on 
which they have been feeding and there pupation takes place. Horsfall 
(1934) used the term prepupa for those larvae of the flour beetle which 
were so inactive that they were unable to burrow into white flour when 


8The formula for Dietrich’s solution is: 
Distilled water... .60 c.c. 
Alcohol 96%.............. .30 c.c. 
Formalin 40% 
Acetic Acid, glacial 
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placed on it. Inactive larvae newly arrived at the surface of the flour 
were therefore considered prepupae, and after moulting, pupae. It is 
these inactive last instar larvae which are actually undergoing 
metamorphosis. 

In the first experiment, last instar larvae, prepupae and pupae were 
subjected to the fumes from the dry ice condensate (a liquid at room 
temperature) for one hour and fifteen minutes. After treatment the 
insects were transferred from the vials to Syracuse dishes and then placed 
in an incubator at 26° C., until metamorphosis occurred. The results 
are found in Table I. 


TABLE I 


RESULTS FROM ExposInG Last INSTAR LARVAE, PREPUPAE, AND PUPAE TO THE 
Gas GIVEN OFF BY TRIBOLIUM ADULTS 




















ae PREPUPAE PUPAE 
| 
5 Experi- Experi- | , | Experi- 
Control | mental | Control | mental | ©°Mtrol | mental 
eee — 
Number wand ; 100 100 65 110 100 
Number Abn \rmal. 0 77 0 59 
Number Normal...... 100 23 62 51 i | 99 
Per Cent Abnormal... 0% 77% 0% | 53.6% i 8% 
Per Cent Normal 100% 23% 100% 46.4% 100% C 92% 
Number not Meta- 
morphosing....... 0 0 3 | 0 


ABNORMAL LAsT INSTAR LARVAE 

The 77 affected larvae all gave rise to adults which possessed abnor- 
mal antennae. Only one of these adults had an abnormal leg, the left 
mesothoracic leg being absent from the femur to the end. The antennal 
abnormalities are tabulated in Table II. 

In Table II is indicated the variety and degree of abnormality that 

can be obtained. Generally, when the antennae are lacking entirely, or 
consist of only two or three segments, the head is also malformed; 
most of these cases the head is long and narrow and the nennaiaiialie 
expansion (genae) in front of the eyes is missing or modified (cp. Pl. I, 
figs. 7 and 8). The malformation is not necessarily the same for all 
cases. However, in a few individuals, the shape of the head was mod- 
ified even when the antennae consisted of six or seven joints. The 
antennal segments varied in number from 11 to 0 with nearly all 
intermediate grades. 

The reduction in the number of antennal segments was often caused 
by a fusion of joints which was indicated by a trace of a suture, by small 
constrictions (Pl. I, fig. 7, h) corresponding with the number of joints 
fused, or by abnormally long joints. 

The normal adult antenna ends in a characteristic club formed by 
an expansion of the last 4 terminal joints. Very often when an antenna 
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consisted of six or seven joints, this club was present, showing that the 
reductions are not necessarily caused by a loss of the distal joints 
(Pl. I, fig. 7). Some of the abnormalities were unilateral but in a few 
cases, the abnormality was similar for both antennae. In some individ- 
uals the segment number was normal but the club was constricted on one 
side only, giving a fan-like appearance. 

The greatest number of abnormalities were found at both extremes 
so that eight individuals lacked antennae entirely, while thirteen adults 
possessed the normal number of segments but some of these were fused 
as indicated by traces of sutures or slight constrictions. However, it 
should be remembered that although thirteen cases showed fused 
antennal joints these abnormalities were not necessarily the same. In 
some the fourth and fifth segments were fused, in others the sixth and 
seventh while in still others the antennal club was affected. The fourth 
and fifth segments seemed to be the most commonly fused joints. 


TABLE II 


ANTENNAL ABNORMALITIES RESULTING FROM ExposiNnG LAsT INSTAR LARVAE TO GAS 


The normal adult antennae are made up of 11 segments and these, right and 
left, may be indicated as 11/11. The numeral in parenthesis refers to the 
number of individuals possessing that type of abnormality. No number in 
parenthesis means that only one of that type was present. The small letter f 
signifies that some of the segments are fused. 


0/0 (8) 1/0 0/1 2/0 2/2 3/0 
3f/0 2/3f 3/3 3f/3f 4/4 1/6f 


6f/6f (4)  6/f 7/66 7£/6f 7/7 7/7 

7£/9f 8/7 8f/8f (2)  8f/8(2)  8f/9F (2) —8£/9F 

9/7f of /7E 9f/8f 9f/10f (2) 9f/11 Of /9E 
10/6 10f/9f (2) 10/10f 10f/10 10f/10f (3) 10f/11 
10f/11f 11f/8f 11f/10 (2) 11/11f (2) -11f/11 (5) ~—«11/11¢ (13) 





ABNORMAL PREPUPAE 


Forty-three of the 59 abnormal prepupae moulted into pupae which 
possessed blackened regions of the legs, antennae and mouth parts 
(Pl. II, figs. 10, 12). No two individuals were blackened in the same 
regions. These blackened areas consisted of a hard resin-like material. 
Histological sections of these abnormal pupae showed that this black- 
ening was due to a necrosis of the affected region. 

Six of these blackened individuals failed to metamorphose. The 
other 37 metamorphosed into adults which lacked the blackened regions. 
Thus abnormal adults were obtained which lacked parts of legs, anten- 
nae, and mouthparts (PI. II, fig. 13). The missing structures were left 
behind in the molted pupal skin. 

The other sixteen abnormal adults possessed antennae the joints of 
which were reduced in number; also tarsal segments or claws from 
various legs were lacking. In one case tarsal claws were not present on 
any of the legs. These sixteen abnormal individuals all came from 
pupae which did not show blackened areas. 
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ABNORMAL PUPAE 

Seven of the affected pupae produced adults having elytra which 
failed to meet down the center of the animal. The degree of divergence 
varied among the individuals so affected. One adult had a balloon-like 
swelling of the right elytron. The other affected pupa produced an adult 
whose left prothoracic leg consisted of femur only, the remaining tibia 
and tarsus beng absent. None of the affected pupae showed any 
blackened regions similar to those obtained from affected prepupae. 


B. THE EXPOSURE OF PREPUPAE AND PUPAE TO THE 
FUMES OF PARA-BENZOQUINONE 


Since, as previously mentioned, the gas had properties somewhat 
similar to the quinones, prepupae and pupae were subjected to the 
fumes from 1.23 gms. of para-benzoquinone crystals for two hours. 
After treatment the insects were placed in Syracuse dishes and incu- 
bated at 26° C. until metamorphosis. The results are indicated in 


Table III. 
TABLE III 


RESULTS FROM EXPposING PREPUPAE AND PUPAE TO THE FUMES O! 
PARA-BENZOQUINONE CRYSTALS 


PREPUPAE PUPAE 
— Exper : Control Exper I 
mental ental 
Number Used 70 103 140 215 
Number Abnormal 0 11 0 2 
Number Normal 68 90 137 209 
Percentage Abnormal Oo, 10.6! Oo, 92°; 
Percentage Normal 100°, 89. 4° 100! 99 08°; 
Number not Meta- 
morphosing 2 2 3 4 


ABNORMAL PREPUPAE 


Nine of the affected prepupae moulted into pupae which possessed 
blackened areas of legs, antennae, and mouthparts. One of these failed 
to become an adult but the others metamorphosed into individuals 
which lacked the blackened areas. As the pupae become older, the 
blackened areas become darker and more pronounced. It is also pos- 
sible for the blackened region to spread. For example, if originally, at 
pupation, only one tarsal segment is affected, by the time of meta- 
morphosis the necrosis may spread to include another segment. 

Two of the treated prepupae became adults which lacked some of 
the antennal segments and one of these individuals also had an abnormal 
left prothoracic leg with a tarsus consisting of only two segments, each 
larger than a normal joint. Tarsal claws were present. The pupae of 
these adults did not show blackened regions. These abnormalities are 
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noticeable a short time before metamorphosis when the tibiae and tarsi 
become slightly brown. 


AFFECTED PUPAE 
The two affected pupae produced adults whose elytra were spread 
and unsclerotized. None of pupae were blackened by the action of the gas. 


C. THE APPLICATION OF CRYSTALS TO FIRST INSTAR LARVAE, IMMATURE 
LARVAE, LAST INSTAR LARVAE, PREPUPAE AND PUPAE 


Since it was very simple to obtain this gas in its crystalline form it 
was thought advisable to apply the crystals directly to the various 
stages of Tribolium. The results are shown in Table IV. 


TABLE IV 


RESULTS OBTAINED ON APPLYING CRYSTALS OF THE GAS TO First INSTAR LARVAE, 
IMMATURE LARVAE (ABOUT 4 MM. LONG), LAst INSTAR LARVAE, 
PREPUPAE AND PUPAE 


control; E.—experimental 


sas Last 
Immature ; od 

tz Instar 
Larvae Sete I 


appuuead 


t 


sarvae 


a applie applied 


to head 


No. Used { : 5 5 | 100 
No. Affected 
No. Normal. 
yo. not met 


orphosing 


AFFECTED FIRST INSTAR LARVAE 

No matter where the crystals were applied or in what minute quan- 
tities the larvae went into vigorous contractions and contortions and 
after a few seconds they were immobilized. None ever survived. Some 
of them soon became greyish or black, others became a reddish orange. 


AFFECTED IMMATURE LARVAE (CRYSTALS APPLIED TO LEGs) 

Only one of the 45 treated immature larvae was affected. This 
individual produced an adult in which not only was the prothoracic leg 
missing but the entire cuticle of that region was lacking so that the 
underlying tissue could be seen from one end of the prothorax to the 
other. Thus even the coxae and coxal cavity were absent. 

AFFECTED LAsT INSTAR LARVAE (CRYSTALS APPLIED TO LEGs) 

These individuals gave the most interesting results of all. The 33 
affected larvae produced adults which possessed legs with various parts 
duplicated, triplicated, or with outgrowths from various parts of the 
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legs. In mild cases there was merely a deformity of the appendage. 
In some individuals the outgrowth resembled an extra appendage but 
lacked differentiation. It seemed to be but an empty cuticular sac 
without any apparent structural modification. 

A representative number of the abnormalities obtained are shown 
in Pl. I, figs. 1-6. A study of these reveals that any leg may be affected, 
and in almost any region. The degree of abnormality may vary from 
malformations or slight outgrowths to duplicate or triplicate structures. 


ABNORMAL LAsT INSTAR (CRYSTALS APPLIED TO THE HEAD) 

When crystals were applied to the head, the 33 affected last instar 
larvae gave rise to adults which possessed antennae with a reduced 
number of antennal joints. These abnormalities were similar to those 
obtained by gassing the last instar larvae. 


ABNORMAL PREPUPAE (CRYSTALS APPLIED TO HEAD AND LEGs) 

Of 55 affected prepupae 43 moulted into pupae with blackened legs, 
antennae and mouthparts, similar to the pupae obtained from gassed 
prepupae. The resulting adults from these blackened pupae which did 
metamorphose, lacked the affected structures which were left behind in 
the pupal skin. Twelve other affected prepupae produced adults with 
reduced tarsi and antennal segments, non-functional mouthparts, or 
missing palps. These all came from non-blackened pupae. 


ABNORMAL PUPAE 

The 110 affected pupae produced various adult abnormalities 
depending upon the age of the pupa when the crystals were applied. 

If the crystals were applied to pupae immediately after pupation, 
the animals reacted somewhat in the same manner as first instar larvae, 
i. e., they went through contortions and contractions finally becoming 
inactivated. These pupae never recovered and generally became greyish 
or orange colored. 

However, when the crystals were applied to pupae which were 
slightly older and already had pigmented eyes and mandibles, the 
affected regions stopped developing and were lacking in the adult. Thus 
if crystals were applied to the legs on the left side of a pupa, these legs 
remained pupal while the rest of the animal continued to develop. 
Shortly before metamorphosis, the tibiae and tarsi of a normal pupa 
become brown due to the production of pigment, and these structures 
stand out clearly from the rest of the animal. Also the segmentation of 
the tarsi has occurred and the tarsal claws can be seen to move under the 
pupal cuticle. However, when crystals were applied to one side, that 
side ceased to develop so that at the time when the tibiae and tarsi were 
easily discernible due to their pigmentation, the treated side could be 
seen to be white, undifferentiated and unchanged in appearance (PI. II, 
fig. 11). When this abnormal pupa moulted, the affected region gen- 
erally was left behind in the pupal skin so that adults were obtained 
lacking appendages. However, occasionally the undifferentiated struc- 
ture remained attached to a normal stump and adults were obtained 
with pupal legs. These pupal structures were non-functional. 
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A few individuals had abnormal elytra which either diverged, had 
balloon-like swellings or were small and unsclerotized, for when the 
crystals were applied to the pupal legs, the elytra also received some of 
the substance as it melted and spread over a small area. 

If applied to the head region of a pupa, abnormal adult heads 
resulted and these lacked or had reduced antennae, had abnormal genae 
so that the expansion in front of the head was lacking, or had reduced 
eyes. Occasionally, the eye was lacking on the dorsal surface. Some- 
times the palps were missing or the mouthparts were immovable. 

When the crystals were applied to a still later pupa, that is when 
the eyes and mandibles were very darkly pigmented and the tibiae and 
tarsi were already a light brown, the abnormalities were not as drastic 
as the previous ones. Among the effects were balloon or spread elytra, 
soft white legs or prosternum, and morphologically normal appendages 
incapable of movement. 


VI. DISCUSSION 
A. EFFECTs OF GAS 


The experiments prove that the gas given off by the adults of 
Tribolium confusum Duval, has a definite effect on the immature stages 
of the same beetle. Fig. 3 shows that given the same dosage of gas, 
last instar larvae give the greatest number of abnormalities, prepupae 
next, and pupae the least. 

This sequence does not hold true for the degree of abnormality. 
Almost all last instar larvae had antennal defects. Affected prepupae 
produced individuals lacking parts of legs, antennae and mouthparts and 
was the only stage that produced pupae with blackened areas, while 
affected pupae, except for one case, produced individuals with spread 
and unsclerotized elytra. The affected prepupae gave individuals with 
the widest variety and degree of abnormality. 

It is probable that the greatest effects are produced in areas actively 
undergoing cellular division. Such an assumption would harmonize with 
Horsfall’s (1934) interpretation of the variation in susceptibility of 
Tribolium prepupae and pupae to the activity of ethelyene oxide and 
with the generally held concept of sensitivity of mitotic areas. 

If such is the case, antennal discs must be proliferating rapidly in 
last instar larvae, the locus and extent of the proliferating area condi- 
tioning the area and degree of abnormality in the adult antenna. 

In like manner mitotically active areas of legs, antennae and mouth- 
parts of prepupae, affected by the gas, become blackened and necrotic. 
Parts of appendages may be left behind in the pupal skin as a result of 
these points of weakness in the affected structure. That prepupae moult 
into pupae possessing fully formed antennae and legs which are black- 
ened is explained by assuming that these structures are already formed 
under the prepupal skin when injured. Oosthuizen and Shepard (1936) 
showed that the pupal wings are fully evaginated under the mature 
larval cuticle and it is probable that, at least by the late prepupa, the 
legs and antennae have also been evaginated. 

Sixteen adults, treated as prepupae showed no blackened areas in the 
pupal stage but hatched with reduced antennae or missing tarsal claws. 
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In these prepupae, the antennae and claws must have been in the 
formative stage. It should be emphasized that, although the treated 
individuals of one stage are termed last instar larvae or prepupae, they 
are no doubt in different degrees of development. 

Chapman (1926) obtained winged larvae from treated last instar 
larvae. These abnormalities were never observed in the present exper- 
ments and it is probable that Chapman was dealing with two factors; 
one the unknown gas which produced his individuals lacking various 
appendages, the other the accumulation of CO, which produced the 
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Fic. 3. A comparison of the percent abnormalities obtained by gassing instar 
larvae, prepupae and pupae of Tribolium. (Data from Table I.) 


winged larvae. Oosthuizen and Shepard (1936) produced winged larvae 
by subjecting last instar larvae to the fumes of CO,. Chapman obtained 
but 10% abnormalities in individuals from treated last instar larvae, 
and these were mainly of the winged type. In the present experiment 
treated last instar larvae produced 77% abnormalities. It is very 
possible that Chapman’s dosage was much smaller and more ineffective 
than that used in the present work. in addition, if many of the adults 
resulting from these treated last instars possessed antennal abnormalities 
which were not too evident (lack or fusion of a few segments) they might 
easily have been overlooked. 

Chapman states that he obtained adults lacking various appendages 
by subjecting pupae to the gas. Only one monstrous adult of this type 
was obtained from treated pupae; however 53.6% of the treated pre- 
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pupae gave adults lacking various appendages. Prepupae still possess 
their last larval skins. After treatment with the gas, no effects are 
visible until moulting occurs. It is at this time that the blackened 
regions can be seen on the affected individuals. It is interesting to note 
that certain parts of the legs or antennae not affected by the gas may be 
missing in the adult, if they lie distal to the necrotic area. For example, 
if the proximal part of the tibia became black, both tibia and tarsus 
might be missing in the adult. 

Treated pupae gave abnormalities, fewer in number and less in 
degree than the other two treated stages. This is what one might expect 
since the appendages are practically fully formed by this time and there 
is less chance of their being affected by the gas. 

Though Chapman found no abnormalities among individuals reared 
from larvae kept apart from adult beetles, a small number (15) were 
observed in one overcrowded culture in the course of the present exper- 
iments. Whether this is to be attributed to a mechanical factor of over- 
crowding or to an excess of CO, has yet to be tested. It is interesting to 
note that Hein (1920, 1924) found similar structural abnormalities in 
Tenebrio and these beetles also give off an odoriferous substance 
(Valentine 1931). 


B. EFFECTS OF CRYSTALS 


The results obtained by applying crystals to the various stages of 
Tribolium should be considered somewhat independently of the gassing 
experiment since the mode of application was different. The abnormal- 
ities obtained were generally the same for all animals treated with 
crystals at a definite stage, the only difference being in the degree of 
the effect and in the appendage affected. No doubt the fact that the 
dosage and point of application could not be well controlled was the 
main cause for this variability. 

That first instar larvae were killed outright by crystals is obviously 
associated with the unsclerotized and highly permeable condition of 
their cuticle. 

The extremely low percentage of immature larvae affected might be 
attributed to the absence of formed leg discs at the time of treatment. 
However, there is also the possibility that the dosage was not great 
enough to give an effect as one abnormal individual was obtained. 

The abnormalities obtained by applying crystals to the legs of last 
instar larvae are more difficult to explain. Chapman mentions one 
case of an adult whose tarsi bore a branch from one of its segments. 
Also in another adult an antenna showed a tendency to be branched. 
These individuals came from gassed pupae. In none of the gassing 
experiments were abnormalities of this sort ever obtained. However an 
application of crystals to the legs of these last instars, this branching and 
duplication type of abnormality could be produced more or less at will. 
Chapman suggests that in this case the branching effect may be due to 
the fact that the gas has a tendency to stimulate when given in a min- 
imum dose, while in a maximum dose it may be lethal. It is also a pos- 
sibility that outgrowths and duplications might be caused by regenera- 
tion of discs after injury. Wigglesworth (1939) states that the most 
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common abnormality observed in regeneration is that of a duplication 
or a triplication of the tips of the joints. 

On comparing the results obtained on the application of crystals to 
last instar larvae with those obtained by gas it was found that abnor- 
malities (a) of the head and antennae were similar; (b) of the legs were 
strikingly different. 

In the latter case, the appendages, after gas treatment were normal, 
but on crystal application were malformed, duplicated, or even triplicated. 

Though it is easy to explain the more drastic effect on leg discs as a 
result of the greater toxicity and penetrating power of the melting 
crystals, the similarity in antennary defects must rest on another factor. 
The obvious assumption would be that the antennary discs have passed 
the period in their development when regeneration is possible. If this 
is a case of regeneration it takes place by the time of pupation since 
pupae can be observed with the duplicated structures. It is difficult to 
imagine a gassed pupa, as described by Chapman, giving an adult with 
a branched appendage, when the appendages are already nearly com- 
pletely formed in the pupal stage. The eight adults which lacked append- 
ages may have had too great an area injured making regeneration 
impossible. 

When the crystals were applied to pupae immediately after pupation, 
death resulted with changes similar to those produced in first instar 
larvae. Here again, the cause of death was probably associated with the 
soft, unsclerotized and permeable condition of the cuticle. Conversely, 
as the pupal cuticle hardened the effect of crystal application became 
less drastic. 

Chapman states that he obtained larvae with pupal wing pads from 
gassed last instar larvae. He calls this a phenomenon of metathetely as 
the metamorphosis of the larval organs, excepting the wing pads, was 
arrested. Oosthuizen and Shepard (1936) found larvae with pupal wing 
pads after exposing last instar larvae to high temperatures. Nagel (1934) 
also obtained similar abnormal larvae by subjecting the individuals to 
low temperatures, while Oostheuizen and Shepard (1936) report a 
similar result after the use of CO,. 

The only cases in the present work which might be called metathetelous 
were those produced by the application of crystals to pupae. In these, 
development ceased on the treated side. The resulting adults either 
lacked the affected appendage since it remained undifferentiated and 
was left behind in the moulted pupal skin, or had a pupal appendage 
which remained attached to the adult. 

When crystals were applied to late pupae some of the resulting adults 
possessed appendages which appeared normal but immovable. It is 
possible that the muscles or nerves controlling these structures were 
injured. Other individuals had soft, white, or only slightly melanized 
legs. In these, the hardening and darkening processes, described by 
Pryor (1940) had apparently been partially or completely inhibited. 


VII. SUMMARY 


1. It is shown that a gas given off by adult Tribolia is 
capable of producing the types of abnormalities often found in 
Tribolium cultures. 


1941] Roth and Howland: Abnormalities in T. confusum 169 


2. A method is described whereby the gas given off by 
Tribolium adults can be collected in large quantities either in 
solution or crystalline form. 

3. A chemical test is described for determining the presence 
of the gas. Its properties suggest that it is related to the 
quinones. 


4. The openings from which the gas is ejected have been 
located. The pores are four in number, two in the anterior part 
of the thorax and two at the lateral margins of the last abdominal 
segment. 

5. The effect of the gas varies with the stage of development 
of the experimental animal. Treated last instar larvae give 
rise to adults with abnormal antennae. These antennae were 
either lacking completely or had a reduced number of segments. 
Treated prepupae give pupae with blackened antennae, legs 
and mouthparts. These upon histological examination, are 
shown to have undergone a necrosis. The resulting adults lack 
these affected regions which are left behind in the moulted skin. 
Gassed pupae produce adults with very slight abnormalities, 
restricted largely to the elytra. 

6. Gassed last instar larvae give the greatest number of 
abnormalities while prepupae produce adults with the greatest 
degree of abnormality. 

7. Prepupae and pupae subjected to the fumes of para- 
benzoquinone produce abnormal individuals similar to those 
obtained from prepupae and pupae subjected to the vapor of 
the Tribolium secretion. However, this does not necessarily 
mean that this substance is identical or related to the secretion. 
But taken into consideration with similarities in reaction such 
as change of color, odor, etc., the probability of chemical 
relationship to quinones is strengthened. 

8. The effects obtained by applying crystals of the Tribolium 
secretion to the various stages differed from the abnormalities 
obtained by gassing. First instar larvae are killed by the 
secretion. Immature larvae are little affected. Crystals applied 
to the legs of the last instar larvae produce adults with dupli- 
cated or triplicated structures. In some the entire appendage is 
lacking. Crystals applied to the head of last instar larvae cause 
antennal abnormalities in the adults which are similar to those 
obtained by gassing last instar larvae. Prepupae treated with 
crystals also give abnormalities which are similar to those 
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resulting from gassed prepupae. When applied to early pupae 
the result is similar to that of first instar larvae. In slightly 
older pupae the crystals cause a cessation of development so 
that adults are obtained with pupal structures (metathetely). 
When applied to still older pupae the hardening and melanization 
processes are checked so that appendages, although adult in 
form, may remain soft and white. 
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EXPLANATION OF PLATES 
PLATE I 


Figs. 1-6. Abnormalities obtained by applying crystals of the secretion to the 
legs of last instar larvae (all X 80). 

The normal prothoracic and mesothoracic legs of the adult Tribolium 
possesses five tarsal segments. The metathoracic leg possesses only four. 

1. Malformed tibia with two small outgrowths (a) of the left meso- 
thoracic leg. 

2. A tarsal outgrowth (b) from the tibia of the right metathoracic leg. 

3. A thin cuticular outgrowth (c) from the femur of the left mesothoracic 
leg. This outgrowth possesses definite tarsal segmentation. 

4. Asplitting of the tibia of the right mesothoracic leg. The duplicated 
portion (d) possesses four tarsal segments with four tarsal claws (e) (one 
claw is out of focus). 

5. A duplicated tibia and tarsus (f) of the left prothoracic leg originating 
from a point on the femur close to the normal tibia. The duplicated tarsus 
possesses only four joints. 

6. Branching of the tarsus (g) of the right prothoracic leg. The first 
segment is common to both the outgrowth and the normal tarsus. 


Figs. 7-8. Abnormal heads obtained by gassing last instar larvae (X 80). 

7. Antennae consisting of only seven segments. The antennal club is 
normal. The slight constrictions (h) indicates the fusion of joints. The 
genae (i) in this case are normal. 

8. Head with antennae entirely missing. The genae (j) are also 
modified. 


PLATE II 


Fig. 9. Anormal pupa shortly after pupation. X 22. 

Fig. 10. Pupa resulting from a gassed prepupa showing blackened areas. In this 
case the mouthparts, and tip of antenna and legs have undergone necrosis. 
X 22. 

Fig. 11. Pupa in which crystals of the secretion had been applied to the right 
prothoracic and mesothoracic legs. These structures ceased to develop so 
that when the untreated appendages were brown due to melanization, the 
treated side was still white and undifferentiated. The resulting adult would 
either leave these appendages in the moulted pupal skin or the pupal appendage 
would remain attached to the adult. X 22. 

Fig. 12. Pupa, resulting from a gassed prepupa, showing blackened antennae 
and legs. X 22 

Fig. 13. The adult resulting from the pupa shown in Fig. 12. The blackened 
structures have been left behind in the moulted pupal skin. XX 25. 
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TWO NEW SPECIES OF OSBORNELLUS FROM THE 
SOUTHWESTERN UNITED STATES 


Dwicut M. DELoNG and DorotHy JOHNSON KNULL, 
The Ohio State University, 
Columbus, Ohio 


Osbornellus capitatus n. sp. 


Resembling scalaris in appearance and coloration but smaller 
and with distinct male genitalia. Length, 4.5-5 mm. 


Vertex rather sharply angled, basal width between eyes only about 
two-thirds as great as median length. 

Color: Pale brownish. Vertex with a marginal brown line just below 
apex of vertex and a narrow line almost transverse between anterior 
margins of ocelli. A median white spot encircled by brown just posterior 
to this line. Ocelli white, heavily margined with brown. Elytra sub- 
hyaline, dusky at apex, veins brown and with three brown spots along 
commissural line on clavus of each. 


PARALLELA CAPITATA 


Lateral and ventral views—male abdomens; apical portion showing aedeagus and 
styles of parallela and capitata in position. 


Genitalia: Female last ventral segment strongly produced, posterior 
margin rounded, with a slight shallow excavation at middle. Male style 
broad at base sloping to inner margin where at half its length a very slender 
straight apical finger process is formed which is produced half the length 
of style. Aedeagus in lateral view broadened near base where a short 
dorsal curved process arises. The shaft is tapered to a blunt apex. On 
ventral surface a slender process arises from the thickened portion which 
expands into a broad apical portion one-third the length of the process 
and which is abruptly narrowed to a sharp pointed tip. 


Holotype male Adalanto, Calif., July 30, 1940, and allotype 
female, Pine Valley, Calif., July 27, 1940, both collected by 
Dorothy J. and J. N. Knull. 
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Osbornellus parallelus n. sp. 


In form and size resembling auronitens with marginal lines 
above and below margin of vertex and with distinct male 
genitalia. Length, male, 5.5 mm. 


Vertex bluntly angled, slightly wider between eyes than median 
length. 

Color: Pale brownish, vertex with a narrow brown line just above and 
another just below margin. A median transverse line about half the 
width of vertex between ocelli and appearing parallel to marginal line. 
There is a faint indication of an orange transverse band between the 
eyes. Elytra pale brownish subhyaline, with apical cells and costal 
veinlets heavily brown margined. Apex of clavus and inner apices of 
claval veinlets heavily marked with a brown spot. 

Genitalia: Male style broad at base rapidly tapered to inner margin 
to form a narrow finger-like process at one-third its length which is 
produced apically two-thirds of the length of the style. Aedeagus com- 
posed of a single shaft with a small dorsally produced process near base. 
The shaft is long, tapered to a sharp pointed apex and is curved upward 
then apically near apex. 


Holotype male from Hauchuca Mts., Ariz., collected Sept. 9, 
1938, by Dorothy J. and J. N. Knull. 
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THE RED-BANDED OSBORNELLUS SPECIES OF THE 
AURONITENS GROUP OCCURRING IN THE 
UNITED STATES 


Dwicut M. DELonG, 


Department of Entomology, Ohio State University 


In 1937 Beamer! published a review of the Genus Osbornellus 
in the United States and Canada. In that paper he recognized 
two red-banded species both of which had formerly been placed 
under the specific name auronitens. The southern form he 
named rotundus and designated its distribution as the south- 
eastern United States and the Atlantic coast north to 
Connecticut. The distribution of auronitens was defined as 
the northeastern United States but extending as far south as 
Virginia and North Carolina and as far west as Kansas, Okla- 
home and Minnesota. A study of the material at hand 
indicates that there are three distinct species instead of two. 
The third species is described under the name of limosus and 
is associated with the bog and swamp plant associations. 
It is apparently eastern in distribution and has been taken in 
Tennessee, Virginia, New Jersey, Pennsylvania and Quebec in 
bog and swamp habitats. In appearance it most closely 
resembles auronitens but in male genital characters it most 
closely resembles the southern form. The style of limosus 
is unique in that it bears a pointed tooth on the inner margin 
of each style near the apex. The aedeagus is the same general 
type as rotundus but the whole process is larger and the lateral 
blades are more broadened, tapering to sharp pointed apices. 
The female segment is also different from either of the two 
described species. 

The lateral and ventral views of the three species as illus- 
trated in the accompanying figures will serve to separate them. 


Osbornellus limosus n. sp. 


Resembling aurenitens in form and general appearance but 
with vertex more broadened and with distinct male and female 
genitalia. Length, 5-6 mm. 


Vertex almost one-third wider between eyes than median length. 
Color: Similar to auronitens with the broad orange red transverse 
band on vertex, the orange-red blotches on pronotum and basal angles 


1Beamer, R. H. Kans. Ent. Soc. 10(3): 89-112, 1937. 
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of scutellum. Elytra pale brown with the dark brown venation and 
three pairs of brown spots along commissural line of clavus as in that 
species. 

Genitalia: Female last ventral segment with posterior margin 
roundedly produced either side of a broad shallow median excavation 
with a brownish longitudinal spot or slight incision at apex. Male valve 
roundedly produced with a median produced, pointed, apical tooth. 
Plates long and tapered to acute tips. Styles with the outer margin 
notched just beyond middle, forming a long narrow apical finger-like 
process which is bent outwardly from notched portion. Each style 
bears a short pointed tooth on inner margin just before apex. Aedeagus 
with a short rather broad process extending dorsally near base, apical 
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AURONITENS LIMOSYS 


Lateral and ventral views—male abdomens; apical portion showing aedeagus and 
styles of Osbornellus auronitens, rotundus and limosus in position. 


portion consisting of a single curved dorsal process and a ventral process 
which is bifurcate at about its middle, forming a pair of divergent 
processes which are broad at base but tapered to slender pointed apices. 

Described from a series of specimens. Holotype male and 
allotype female collected at Hartstown Bog, Pennsylvania, 
August 12, 1919. Male and female paratypes from Hartstown 
Bog, Pennsylvania, North East, Pennsylvania, Greenfield, 
Pennsylvania, Somerville, New Jersey, Rigand, Quebec, Clarks- 
ville, Tennessee, Chain Bridge, Virginia, and Wetzel’s Swamp, 
Harrisburg, Pennsylvania. 


THE GENUS PRESCOTTIA (HOMOPTERA 
CICADELLIDAE) IN NORTH AMERICA 


Dwicut M. DELONG, 
Department of Entomology, Ohio State University 


The genus Prescottia was described by Ball in 1932! to 
include two species, Scaphoideus lobatus V. D., described in 
1894? which he designated as the type, and brickellia Ball 
described at the time the genus was established. Brickellia 
is the larger of these two species and is known only from 
Arizona. Lobata occurs only in the northern portion of the 
eastern United States, living on the Solidago caesia association 
in the open woodland. A third species, smaller than either 
of the two described, has recently been collected in Mexico. 
All three species have similar color markings, each bearing 
the white lobate spots on the clavus either side of the com- 
missural line. The male genital characters of the three species 
are described and illustrated in order that they may serve to 
more easily separate by structural characters the two previously 
named species and the one which is described at this time. 


Prescottia lobata (V. D.) 
Scaphoideus lobata V. D. Bull. Buf. Soc. Nat. Hist. 5: 199, 211, 1894. 

Length 5-6 mm. 

Genitalia: Male valve short, rather broadly, shallowly concave either 
side of broad median produced tooth. Plates elongate, narrow, tapered 
to rather sharp pointed apices. Styles abruptly narrowed on outer 
margin a little beyond middle to form elongate, narrow apically pro- 
duced finger processes which are pointed on outer margins. Aedeagus in 
lateral view slender at base then broadened and curved, convexly upward 
resembling the inverted blade of a sickle and tapered to a sharp pointed 
apex. A short dorsally curved process arises near base on anterio dorsal 
margin. 

Prescottia brickellia Ball 
Prescottia brickellia Ball. Jour. Wash. Acad. Sci. 22: 16, 1932. 

Length 5.5-7 mm. 

Genitalia: Male valve short, with a median produced pointed tooth 
either side of which the margin is broadly shallowly concave to form a 
broad lobe produced to length of median tooth. Plates with long 
tapering apices as in Osbornellus species. Aedeagus produced dorsally 
from connective with a broader portion arising just before apex and 
extending caudally almost to end of pygofers. The pygofers are narrow 
at apex and slightly notched just dorsal to a sharp pointed apical tooth. 


Prescottia bicalcea n. sp. 
Resembling Jobata in form and general appearance but smaller 
and with distinct male genitalia. Length, male, 4.5 mm. 


‘Ball, E. D. Jour. Wash. Acad. Sci. 22:16, 1932. 
“VanDuzee, E. P. Bull. Buf. Soc. Nat. Hist. 5:199, 1894. 
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Vertex more strongly produced than in Jobata, slightly longer at 
middle than basal width between eyes. 

Color: Vertex white with a faint submarginal line and an orange 
blotch either side on disc. Pronotum pale, heavily mottled with dark 
brown or black pigment. Scutellum white. Elytra white, heavily 
marked with brown or black pigment in the form of ramose lines or 
blotches. Three white lobate spots along commissure, costal area white 
with a series of brown pigment lines extending to outer sector. Venation 
and cross veins usually brown or black. A dark blotch on disc and 
anterior clavus. 

Genitalia: Male valve broadly semicurcularly produced. Plates 
elongate convexly rounded on outer margins to form bluntly pointed 
apices which are proximal. Style notched on outer margin near apex 






BRICKELLIA 


BIGAL GEA 





BRICKELLIA 


Lateral and ventral views—male abdomens; apical portion showing aedeagus and 
styles of lobata, brickellia and bicalcea in position. 


forming an outwardly curved finger process on apical sixth. Aedeagus 
in ventral view appearing as a narrow shaft with a pair of short divergent 
spine-like processes at apex. A broadened portion extending dorsally 
at base and a long narrow ventral spine extending caudally. In lateral 
view the aedeagus consists of three parts. The basal portion is broadest 
and extends almost dorsally, the median portion extends dorso-caudally 
and bears the divergent apical spines, the ventral portion is a long 
slender tapering spine-like process and extends almost caudally from 
the base. 


Described from a single male specimen which is unique in 
character, taken at Finca Vergel, Chiapas, Mexico, May 28, 
1935, by Dr. Alfons Dampf. 


FOUR NEW GENERA OF ETHIOPIAN AND 
NEOTROPICAL FORMICIDAE 


NEAL A. WEBER, 


University of North Dakota, 
Grand Forks, North Dakota 


Three of these strikingly new genera are based on ants 
collected by myself in Trinidad, British Guiana and the Anglo- 
Egyptian Sudan; the fourth genus is based on a Northwestern 
University collection made by Mr. E. C. Williams, Jr., in the 
Panama Canal Zone. Two, TJalaridris and Acanthidris, are 
members of the neotropical rain forest fauna and obviously 
belong to the tribe Dacetonini of the subfamily Myrmicinae. 
The third genus, Hylidris, is Ethiopian and a member of the 
tribe Myrmecinini of the subfamily Myrmicinae. It was taken 
on the fringe of the Congo rain forest and belongs to the forest 
floor fauna. The fourth genus, Axinidris, also Ethiopian, is 
especially noteworthy because it belongs to the subfamily 
Dolichoderinae which contains but few genera, only one of 
which is endemic to the Ethiopian Region. Axinidris is a 
member of the arboreal rain forest fauna and belongs to a new 
tribe, Axinidrint. 

Up to 1934 but one genus (Rhopalothrix Emery) in the cos- 
mopolitan tribe Dacetonini had been known which had seven- 
jointed antennae. It seems remarkable that in a six-year period 
(1933-88) three distinctively new genera with seven-jointed 
antennae should have been brought to light for the first time. 
The first of these, Heptastruma Weber, was based on a worker 
which I found in Cuba in 1933. The second, Talaridris, I first 
found in 1934 and again in 1935 and 1936. Mr. E. C. Williams, 
Jr., took the third, Acanthidris, in 1938. Species of Rhopalo- 
thrix are known also from New Guinea and Australia but none 
of the other seven-jointed genera are known outside of the 
Neotropical Region. 

The antennal joint number is a constant character in the 
genera of this tribe compared with its variability in such genera 
as Discothyrea and Rhizomyrma. In Rhizomyrma, for example, 
it is not excessively rare to find an antennal joint partly divided 
or with one antenna having one joint more than its mate but no 
such inconstancy has been recorded in the Dacetonint. 

These seven-jointed genera, of course, have other striking 
characters which are obviously generic so that they may be 
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readily recognized. Aside from the angular character of the 
head, which is almost a supra-generic character, they have 
remarkably distinctive mandibles. No other genera of ants have 
similar mandibles so that it would be possible to identify a 
mandible alone, from any part of the world, as belonging to one 
of these genera. 

The third myrmicine genus, //ylidris, is marked distinctively 
by its 11-jointed antennae, unidentate clypeus produced as a 
lobe over the base of the mandibles, angular thorax with pro- 
notal and epinotal teeth, smooth and shining integument, and 
the large, shallow punctations of the head and thoracic dorsum. 

The dolichoderine genus, A xinidris, is based upon two work- 
ers taken in the Imatong Mountains on the Sudan-Uganda 
border. Both were found on leaves, one seven, the other sixteen 
feet above the ground, and are obviously arboreal ants. They 
had probably dropped down from the high trees. Awxinidris 
is characterized above all by the high, median lamella on the 
epinotum, resembling an axe blade in profile. Non-bilateral 
thoracic protuberances are rare in ants. Other striking generic 
characters are the lamellate anterior margin of the clypeus 
which covers the base of the mandibles and is strongly notched 
medially, the six-jointed maxillary palpi, four-jointed labial 
palpi and epinotal spines. 

All type specimens are in the author's collection. 


Talaridris,'gen. nov. 


Worker.—Size small. Head angular, broader than long, occipital 
margin concave, occipital corners angulate, sides in front of corners 
expanded as lobes, sides converging from thence to mandibles; anterior 
clypeal margin concave, frontal lobes small; antennal scrobes deep, 
complete and receiving distal part of scape and funiculus; eyes minute, 
situated on upper margin of middle antennal scrobes on posterior half 
of head; mandibles porrect, arcuate, narrow in front view but expanded 
apically so that the two mandibles meet to form a basket, expanded 
apical portion with a series of irregular teeth, denticles and lobes, basal 
portion of mandibles with a series of denticles medially; antennae 
7-jointed, scapes broad, strongly elbowed and attached by a distinct 
pedicel, terminal funicular joint long and narrow, as long or longer than 
the preceding funicular joints taken together. Pro-mesonotum in 
profile not markedly impressed, meso-epinotal impression marked; 

1From Télapos, a wicker-basket, sometimes a wicker-basket for fowls, and 
‘iépis, the “knowing or provident one,’’ in allusion to the remarkable mandibles 
which come together at their apices in somewhat the form of a basket. According 
to Dr. W. M. Wheeler, Hesiod referred to the ant, probably specifically the 
harvesting ant (Messor), as the ‘knowing or provident one.” 
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thorax about two-thirds as broad through pronotum as its length to the 
epinotal spines; epinotum with distinct basal and declivous surfaces, 
spines large and triangular, continued downward as a lamella on either 
side. Petiole strongly pedunculate and with a distinct node, mid- 
ventrally with a small tooth near the epinotum and directed forwards, 
postpetiole from above transverse, anterior margin concave, posterior 
medial margin produced as two gibbosities. Gaster ovate, first gastric 
segment concave anteriorly and covering about three-fourths of the 
gaster; sting short, exserted. Legs moderately long and slender. 
Opaque, punctate. Pilosity of coarse squamate hairs on the antennal 
scapes and body; scale-like or clavate hairs on appendages more 
numerous. Ferruginous. 

Female.—Similar to the worker. Size small but distinctly larger 
than the worker. Winged. Eyes and ocelli large and prominent, the 
eyes located before the distal end of the antennal scrobes and partially 
dividing them; mandibles as in worker; general configuration of head as 
in worker; epinotal spines and lamellae as in worker. Opaque, punctate, 
with squamate and clavate hairs as in worker. Ferruginous. 


Genotype: Talaridris mandibularis, gen. et sp. nov. 


Talaridris mandibularis, sp. nov. 
(Figs. 1-3) 

W orker.—Length 2.8 mm. (of thorax, in straight line from anterior 
pronotal margin to apex of episternal angles, 0.75 mm.). Head angulate 
in front view and, excluding mandibles, broader than long, occipital 
margin broadly concave, corners produced markedly as distinct angles, 
sides in front of occipital corners laterally expanded as rounded lobes, 
sides converging from here to mandibles, anterior clypeal margin con- 
cave, bounded laterally by rounded lobes; frontal lobes small and 
convex, only partly covering the antennal fossae; eyes minute, situated 
on margin of antennal scrobe on posterior half of head; mandibles 
porrect, in front view arcuate, narrow, with about six acute denticles on 
the inner margin, in other views seem to be markedly expanded apically 
so that the apices of the two mandibles form a basket, each mandible 
apically with an irregular series of lobes and teeth, consisting basally 
and ventrally of a bifurcated spine, a diastema, then an acute denticle, 
followed by a narrow lobe, another denticle, a second narrow lobe, a 
denticle, and finally a small, acute tooth; antennal scapes strongly 
elbowed, attached by a distinct pedicel, stout and expanded at the base, 
extending to the lateral lobes in front of the occiput; terminal funicular 
joint slightly longer than the preceding joints taken together. 

Thorax in profile only very faintly impressed in the pro-mesonotal 
region but markedly impressed at the meso-epinotal suture, the pro- 
mesonotum convex; basal surface of epinotum convex, epinotal spines 
a pair of triangular lamellae continued down the declivous surface on 
either side; thorax from above nearly two-thirds as broad through 
pronotum as long to the epinotal spines, the pro-mesonotum convex 
laterally, epinotal sides sub-parallel, converging dorsally. Petiole 
strongly pedunculate, midventrally with a small tooth directed 
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anteriorly, node in profile convex, from above slightly longer than wide 
with sides convex; postpetiole in profile irregularly convex, from above 
somewhat kidney shaped, being concave where attached to the petiole 
and convex behind, the anterior part on either side of the concavity 
being slightly angulate, over twice as wide as the petiolar node, the 
posterior convexity produced medially as two feeble gibbosities. Gaster 
ovate, first gastric segment concave anteriorly, covering nearly three- 
fourths of gaster; sting short, exserted. Legs moderately long and 
slender, the middle coxae smallest. 

Opaque, closely punctate, coarsely reticulate-punctate posteriorly 
on head, integument partly obscured by an apparent glandular excretion 
which also covers the mandibles. 

Pilosity of numerous coarse hairs which are most numerous and 
scale-like or flattened-clavate on the appendages and sparse but much 
larger and squamate on the scapes and body; six of the latter are on the 
pro-mesonotum in a row on each side, two spring from the petiolar node 
behind, four similarly on the postpetiole and the gaster is fairly evenly 
sprinkled with them. 

Pale ferruginous, appendages slightly paler than body. 

Female.——Length 3.2 mm. (of thorax, in a straight line from anterior 
pronotal margin to apex of episternal angles, 0.81 mm.) Similar to the 
worker with the usual sexual differences. Occipital corners somewhat 
more acutely angulate. Eyes and ocelli large and prominent, the eyes 
being on the margin of the antennal scrobes above the fossae and below 
the lateral lobes of the head. Mandibular structure the same, mandibles 
meeting also at the expanded apices to form a basket. 

Epinotal spines and lamellae as in the worker. Anterior margin of 
petiolar node less rounded, more angulate. 


Holotype: One worker taken May 25, 1935, in the foothills 
north of Tunapuna, Trinidad, B. W. I. by myself (No. 180). 
The ant was beneath leaves under a bamboo clump in lastro or 
second growth forest at an elevation of slightly over 200 feet 
above sea level. 

Paratypes (Syntypes): Two workers which I took November 
18, 1934, north of Tunapuna (Lat. 10° 42’ 25” N., Long. 61° 23’ 
W.) Trinidad, B. W. I. at an elevation of 1580 feet (No. 3b). 
These were also under leaves but in the rich forest on top of the 
ridge separating the Tacarigua and Maracas River valleys. 


EXPLANATION OF PLATE 
Figs. 1-3. Talaridris mandibularis, gen. et sp. nov. Worker: 1—Head, 2—man- 
dible, 3—thorax and pedicel in profile. 


Figs. 4-7. Acanthidris isthmicus, gen. et sp. nov. Worker: 4—Head, 5—antenna, 
6—mandible, 7—thorax and pedicel in profile. 


Figs. 8-9. Hylidris myersi, gen. et sp. nov. Worker: 8—Head, 9—thorax in profile. 


Figs. 10-12. Awxinidris acholli, gen. et sp. nov. Worker: 10—Head, 11—epinotum 
and petiole in profile, 12—epinotum from above. 


PLATE I 


New Formicidae 


Neal A. Weber 
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Gynetype: One dealate female taken by myself June 24, 
1936, in virgin rain forest beside the Oko River, tributary of the 
Cuyuni River, British Guiana, (No. 506). The ant was in humus 
on the roots of a tree about two feet above the ground. 


Acanthidris,? gen. nov. 


W orker.—Allied to Heptastruma Weber and Rhopalothrix Emery. 
Size small. Head angular; occipital margin convex with corners rounded, 
anterior clypeal margin transverse, frontal carinae small and partially 
covering a distinct fossa for the reception of the antennal scape’s pedicel; 
eyes minute; mandibles porrect, arcuate, stout and short, outer margin 
strongly convex, prolonged apically into several fine teeth and sub- 
apically into a long, spinous tooth, medial portion with a series of acute 
denticles of several sizes; antennae 7-jointed, antennal scapes short and 
broad, not reaching occipital corners, strongly elbowed with a distinct 
narrow pedicel articulating with the head, terminal joint of funiculus 
exceeding all preceding funicular joints together in length. Thorax 
flattened dorsally, broadest through pronotum, in profile with pro- 
mesonotal and meso-epinotal regions feebly impressed, sides sub- 
vertical; epinotum with a high lamina on either side which starts from 
the basal surface, extends down the declivous surface and is prolonged 
into acute epinotal spines. Petiole strongly pedunculate and with a 
distinct node rounded above, mid-ventrally with a small tooth directed 
anteriorly; postpetiole from above kidney-shaped, the anterior margin 
concave, the posterior margin convex. Gaster ovate, first gastric seg- 
ment comprising over three-fourths of gaster. Legs of medium length, 
median legs much the smallest, tibiae massive. 

Opaque, punctate, integument covered partly by a glandular 
excretion. Pilosity diverse, of sparse, coarse, clavate-squamate hairs 
which extend to the tarsi and tibiae as well as the body; much finer 
short, clavate hairs covering body generally; longer and finer hairs 
about mouthparts and terminal gastric segments. Ferruginous. 


Genotype: Acanthidris isthmicus, gen. et sp. nov. 


Acanthidris isthmicus, sp. nov. 
(Figs. 4-7) 

W orker.—Length 2.2 mm. (of thorax, in straight line from anterior 
pronotal margin to apex of episternal angles, 0.51 mm.). Head angular; 
in front view, excluding mandibles, one-sixth broader than long, occipital 
margin distinctly concave, occipital angles evenly rounded, sides of 
head produced as two convexities back of antennal insertions and an 
even convexity at insertions extending to clypeus, anterior clypeal 
margin feebly convex; frontal lobes small but covering antennal inser- 
tions, convex, and partially roofing a distinct fossa for the accommoda- 
tion of the antennae; eye minute, apparently of a single facet, situated 


*From ’dxav@a, a thorn or spine, and ’idpis the “knowing or provident one”’ 
in allusion to the long spine on the mandible. 
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beneath a gibbosity at the upper margin of the antennal scrobe at a 
level about opposite the middle of the scape; antennal scrobes complete, 
divided into a proximal part for the antennal insertions and a distal 
part for the entire scape and proximal joints; mandibles porrect, stout, 
outer margin strongly convex, with a very long sub-apical spine-like 
tooth, three apical denticles, and on the inner surface about seven acute 
denticles alternating in two sizes; antennal scapes strongly elbowed with 
a slender rod-like pedicel and a massive, much larger distal portion, 
scape failing to reach the occipital angles by a distance equal to over 
half its length, terminal funicular joint longer than all preceding joints 
but shorter than the scape. 

Thorax with a short neck, in profile with pronotum slightly angulate 
in front and separated from mesonotum by a feeble depression, the 
latter feebly convex; meso-epinotal impression shallow, epinotum with 
a high translucent lamina on either side starting from the basal surface 
and prolonged as distinct spines separating basal and declivous regions, 
the lamina produced beneath the spines as an irregular lobe. Thorax 
from above, excluding neck, broader through pronotum than its length 
to meso-epinotal impression, convex laterally, mostly flat on top, 
meso-epinotal impression laterally distinct. Petiole in profile with a 
distinct peduncle whose anterior dorsal surface is convex and whose 
mid-ventral surface bears a distinct hooked process directed anteriorly; 
node slightly convex above, feebly pedunculate behind; node from above 
transversely elliptical except for the nearly straight posterior margin, 
about two-fifths broader than long. Postpetiole in profile longer than 
petiolar node, convex above, highest at posterior half; from above 
kidney-shaped, the anterior margin strongly concave, the posterior 
convex, two and one-half times broader than long. First gastric seg- 
ment covering more than three-fourths of gaster when viewed from 
above and with anterior margin strongly concave, flattened dorsally, 
remaining segments much smaller. Legs of moderate proportions, 
median legs including coxae much the smallest, tibiae massive. 

Opaque, densely punctate, integument largely obscured by an 
apparent glandular deposit extending even to the mandibles. 

Pilosity diverse, of sparse, short clavate hairs over the body gen- 
erally, much longer and slenderer hairs confined largely to the 
mouthparts, terminal gastric segments and appendages; and coarse 
squamate-clavate hairs confined largely to the scapes, tarsi, tibiae and 
posterior half of gaster. 

Reddish-ferruginous, appendages but slightly paler. 


Holotype: One worker taken July 29, 1938, on Barro Col- 
rado Island, Panama Canal Zone, by Mr. E. C. Williams, Jr. 
(No. 313 (131)). It probably belonged to the floor fauna of the 
rain forest covering the island. 

This genotype difiers particularly from the monotypic 
Heptastruma wheelert Weber of Cuba in larger size, in lacking 
the transverse ridges of the head, in the structure of the man- 
dibles, and in the more extensive and diverse pilosity. Acan- 
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thidris, however, appears closer to /Heptastruma in general 
habitus than to Talaridris, gen. nov., or Rhopalothrix. 


Hylidris,* gen. nov. 


Worker.—Size medium-small. Head in front view, including man- 
dibles, sub-circular, occipital margin impressed, anterior clypeal margin 
produced as an irregularly convex lobe covering the base of the man- 
dibles and with a median tubercle; frontal carinae feebly raised, carried 
past the eye level; antennal scrobes a feebly concave impression of the 
length of the carinae, bounded laterally by a much shorter carina; 
antennal fossae distinct, bordering the anterior clypeal margin; eyes 
moderately small and convex, situated near the middle of the head; 
mandibles short, stout, curved, irregularly toothed at the apex of the 
masticatory margin; antennae 11l-jointed, scapes exceeding occipital 
corners, funiculus with a 3-jointed club, joints 3-6 broader than long, 
terminal joint longer than the preceding two taken together. Thorax 
in profile sub-rectangular, the dorsal surface flattened, bearing on each 
side a low, acute pronotal spine, a longer acute epinotal spine and a low 
mesonotal gibbosity; episternal angles in the form of rounded, lamellate 
lobes; thorax from above with convex pronotal margin, sides nearly 
straight and converging posteriorly, about twice as wide through 
pronotum as through epinotum. Petiole strongly pedunculate with a 
high node, laterally compressed in front of node, about as wide through 
peduncle proximally as through node. Postpetiole high, convex above, 
wider than petiole, trapezoidal from above with sides converging 
anteriorly. Gaster ovate, first gastric segment covering nearly all of 
gaster. Legs moderately long and slender, femora suddenly incrassate 
at distal half; first tarsal joint very long, longer than remaining joints 
taken together. 

Body smooth and shining; head with scattered, coarse but shallow 
punctations which bear a single, fine hair; thorax above with a few 
similar punctations; pedicel and gaster without punctations. 

Pilosity consisting of the sparse long hairs in the punctations and 
minute, scattered, appressed hairs; antennae and legs with moderately 
abundant fine, yellowish hairs. 

Color brown, gaster castaneous, appendages paler than body. 


Genotype: //ylidris myersi gen. et sp. nov. 


Hylidris myersi sp. nov. 
(Figs. 8-9) 

W orker.—-Length 3-3.1 mm. (of thorax, in straight line from anterior 
pronotal margin to apex of episternal angles, 0.77-0.75 mm.). Head in 
front view, including mandibles, sub-circular in outline except for 
impressed occipital margin; excluding mandibles, as broad as long; 
distinctly and broadly impressed at mid-occipital margin, sides convex, 
anterior clypeal margin produced as a convex lobe covering the base of 


From ‘v4, forest or woods, and ’édpis, the “knowing or provident one’’ in 
allusion to the habitat of the ant. 
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the mandibles, its medial margin irregularly truncate and produced at 
the middle into a single median tubercle, the whole clypeus feebly con- 
cave from below; frontal carinae only feebly raised but distinct to a 
level midway between eyes and occiput, the shallow, concave scrobes 
distinct to the same level and bordered laterally by a feeble carina 
extending from the clypeal margin to the eye level, antennal fossae 
much deeper than the scrobes, sub-circular and extending to the anterior 
clypeal margin; eyes small, convex, situated slightly posterior to the 
middle of the head when including clypeus but excluding mandibles; 
mandibles short, stout, curved, feebly trigonal, their masticatory border 
with two apical teeth and one or two faint, basal denticles of variable 
development; antennal scapes curved, extending past the occipital 
corners by a distance about equal to their distal diameter; funiculus 
with a three-jointed club which is distinctly longer than the remaining 
joints, joints 3-7 broader than long, terminal joint as long as the three 
preceding joints taken together. Thorax in profile sub-rectangular, the 
dorsal surface being flattish with a short, acute and stout pronotal spine, 
a low mesonotal gibbosity and a longer, acute, stout and upwardly 
directed epinotal spine; episternal angle in the form of a high, rounded 
lamella; thorax from above with feebly convex pronotal margin, sides 
nearly straight and converging posteriorly, twice as wide between apices 
of pronotal spines as the basal surface of the epinotum which latter is 
slightly wider than the space between the epinotal spines. Petiole 
strongly pedunculate, in profile the node twice as high as the peduncle 
and a smoothly rounded acute angle above; from above the peduncle is 
as wide proximally as the node, petiole compressed in front of node. 
Post-petiole in profile as high as the petiolar node, evenly convex dor- 
sally; from above a little wider than the petiole; trapezoidal with sides 
converging anteriorly. Gaster ovate, first segment covering over nine- 
tenths of the gaster and from above concave anteriorly for the reception 
of the postpetiole; sting not visible externally. Legs moderately long 
and slender, femora suddenly incrassate at distal half, tibiae of smaller 
diameter, lenticular in outline, first tarsal joint of hind legs longer than 
the tibia or of the remaining tarsal joints taken together. 

Body predominantly smooth and shining; head with scattered, 
coarse but very shallow, punctations which bear in the center a single 
fine, curved, yellowish hair, clypeus with a feeble median carina, man- 
dibles with several coarse, rounded rugae; thorax above with several 
punctations as on head, and with hairs; pedicel and gaster smooth. 

Pilosity consisting of the head and thorax long hairs in the puncta- 
tions and minute and scattered appressed hairs; antennae and legs 
with much more numerous fine, yellow hairs of moderate length. 

Color dark brown, gaster castaneous, appendages a more yellowish 
brown. 


Cotypes: Two workers (No. 1470 and 1474) taken by myself 
August 10, 1939, beside the Khor Aba on the Aloma Plateau, 
Equatoria, Anglo-Egyptian Sudan, at an elevation of about 
3700 ft. This locality, in Lat. 3° 47’ N. and Long. 30° 37’ E., is 
only a mile or two from the Belgian Congo border and is on the 
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Nile-Congo divide. The ants and several paratype workers 
were in rain forest of a luxuriant type referred to as gallery 
forest. They were among humus on the forest floor and were 
slow-moving in habit. When disturbed they became motionless, 
“feigning death’’ momentarily like the Dacetonini. A specimen 
was taken to the British Museum October, 1939, and shown to 
my colleague, Mr. Donisthorpe. Together we endeavored to 
determine it as a known genus without success. The specimen, 
together with a few other Sudan ants of my collecting, was left 
with Mr. Donisthorpe as a slight token of what was for me a 
most pleasant and stimulating visit despite the war. 

This species is dedicated to my friend, Dr. J. G. Myers, in 
memory of my exceedingly interesting Sudan safari as his guest. 
Both this expedition and one which we made in 1935 to the 
Orinoco Delta of Venezuela produced much new myrmecological 
material which will be published in future papers. 


Axinidris,' gen. nov. 

Worker.—Size medium. Head ovoid, anterior clypeal margin 
produced as an apron or plate covering the base of the mandibles and 
strongly notched medially, frontal carinae short, curved, slightly 
raised, not covering antennal insertions, antennal fossae shallow, 
elliptical; eyes large, convex, situated medial to sides; mandibles 
trigonal with about 7 stout, acute teeth; maxillary palpi long, 6-jointed, 
the basal joint very small, the other joints much longer than thick, 
joints 2-4 stouter than 5-6, labial palpi much shorter, 4-jointed, the 
basal joint very small, joints 2-4 stout, longer than broad; antennae 
12-jointed, long and slender, scapes long, slender, feebly S-shaped, 
distinctly exceeding occipital margin; first funicular joint longer and 
more slender than the remaining joints. Thorax with distinct mesomet- 
anotal and meta-epinotal sutures, in profile with convex pro-mesonotum, 
descending metanotum, and large and protuberant metanotal spiracles 
which are followed by a deep meta-epinotal impression; from above 
pro-mesonotal sides marginate and convex, metanotum much narrower; 
epinotum in profile flattened on top, abruptly descending anteriorly and 
posteriorly, the posterior half of the basal surface with a median high, 
vertical lamella like the blade of an axe, the angle between the basal 
and declivous surfaces on either side with a slender, acute spine; from 
above the epinotum is transversely trapezoidal with sides converging 
anteriorly; petiole with cuneate node; gaster with four segments visible 
from above, the first and second sub-equal, the second longer than the 
third, the third about twice as long as the fourth; cloacal orifice apical; 
stingless. Legs long and slender, each tibia with a large, finely pectinate 
spur, first tarsal joint greatly elongated. 

‘From ’afivn, an axe-head, and ‘iépis, the “knowing or provident one,” in 


allusion to the unique median epinotal projection which in profile resembles the 
blade of an axe. The shape of an axe-blade has varied little since classical times. 
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Sub-lucid, except gaster which is lucid. Finely but smoothly 
punctate to vermiculate-punctate, thorax smoothly and shallowly 
rugose, gaster microscopically reticulate. 

Pilosity of a sparse pubescence and a few scattered hairs on mandibles 
and anterior clypeal margin. Color brown. 


Genotype: Axinidris acholli, gen. et sp. nov. 

This genus differs considerably from any genera hitherto 
described and does not belong clearly to any tribe as now 
defined. For the reception of this genus the new tribe, Axint- 
drini, is here proposed. The characteristics of the new tribe 
include triangular, toothed mandibles, notched clypeus, six and 
four-jointed maxillary and labial palpi, respectively, epinotal 
spines and a median lamella, nodiform petiole and smoothly 
sculptured integument. 


Axinidris acholli sp. nov. 
(Figs. 10-12) 


Worker.—Length 3.6 mm. (of thorax in straight line from anterior 
pronotal reflexed margin, but not including the short ‘neck,’ to epi- 
sternal angles, 1.20 mm.). Head in front view, including mandibles, 
ovoid; excluding mandibles slightly longer than broad, broadest back 
of eyes, occipital margin convex, sides convex, anterior clypeal margin 
produced as an apron or plate covering the base of the mandibles and 
with a deep, rounded, median notch. Clypeus extending laterally to 
sides of head to a level with the antennal insertions; frontal carinae 
short, curved and slightly raised, not covering antennal insertions, not 
lobate; antennal fossae shallow, elliptical; eyes large, feebly convex, 
situated slightly median to sides; mandibles small, trigonal, with seven 
large teeth visible of which six project from beneath the clypeal margin, 
apical tooth largest; antennal scape exceeding occipital margin by more 
than its distal diameter, first funicular joint slightly over two and 
one-half times longer than broad but less than twice as long as second 
joint, much shorter than joints 2-3 taken together, all joints longer 
than broad, joints 9-10 nearly as broad as long, terminal and first 
joints sub-equal. Thorax in profile with pro-mesonotum convex, 
metanotum straight and sloping downwards to the strongly projecting 
metanotal spiracle on either side, meta-epinotal impression deep, 
bounded anteriorly by the metanotal spiracles; thorax from above with 
the pro-mesonotum angulate and convex laterally, much narrowed 
through the metanotum whose sides converge to the spiracles, thorax 
narrowest through meta-epinotal impression which is less than half 
as broad as the pro-mesonotum; epinotum in profile rising sharply to a 
flat basal surface which bears on either side posteriorly a slender, acute 
spine curved upwards and forwards; between the spines on the basal 
surfaces rises a median lamella like the blade of an axe which is convex 
dorsally, concave in profile anteriorly and posteriorly, and rises dis- 
tinctly higher than the epinotal spines; basal surface of epinotum from 
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above transversely trapezoidal, the anterior margin feebly impressed 
medially, sides straight and converging anteriorly from rounded angles 
in front of the spines, median lamella occupying about half of the 
middle. Petiole in profile with anteriorly directed cuneate node which 
from behind appears rounded laterally and above. Gaster with four 
segments visible from above, the first over-arching the petiole; second 
segment longest, first longer than third, third more than twice as long 
as fourth. Legs long and slender, first tibial joint about as long as all 
following joints taken together. 

Head, thorax and appendages sub-lucid, gaster lucid. Head finely 
and shallowly vermiculate-punctate; thorax with sparse, coarse but low 
and smoothly rounded irregular rugae between which are scattered 
shallow punctations; epinotum, including the median lamella, sparsely 
and shallowly punctate, petiole finely punctate, gaster microscopically 
reticulate, appendages finely punctate. 

Pilosity of a sparse appressed pubescence most abundant on the 
appendages, less so on the back and ventrum of head and on the epi- 
notum, nearly absent on thorax and gastric dorsum. The pubescence 
of the epinotum is much longer and more upright. Mandibles, anterior 
clypeal margin and petiole with a few fine, yellowish hairs. 

Dark brown, appendages are more yellowish brown, the tibiae a 
brownish yellow. 


Cotypes: Two workers which I took August 2 and 3, 1939, 
at elevations of 6200 and about 4800 feet, respectively, in the 
Imatong Mountains, Equatoria, Anglo-Egyptian Sudan less 
than ten miles in a direct line from the Uganda frontier. The 
August 2 worker was taken from a branch which had just fallen 
from a height of about 16 feet on a tree. The tree was part of a 
forest of peculiar type with a tangle of lianas of several inches in 
diameter growing in places close to the ground. The conifer, 
Podocarpus, was an element of the forest but not dominant. 
Other ants found here included Tetramorium simillimum (F. 
Smith), Aneleus politus Santschi and an Acantholepis. The 
August 3 worker was observed on the leaf of a liliaceous plant 
about seven feet above the ground. It may well have fallen 
from a tree about 100 feet higher. The forest was a rain forest 
type and contained colonies of the equatorial rain forest genus 
Macromischoides of an apparently new species. 

The species is dedicated to the Acholli or Acholle, one of 
the negro tribes inhabiting this region of the Sudan. The name 
is also used for one of the ranges or districts making up the 
Imatong Mountains. 


DESCRIPTIONS AND NOTES OF NEW AND LITTLE 
KNOWN SPECIES OF TRICHOPTERA 


DoNALD G. DENNING, 


University of Minnesota 


During a study of the Trichoptera in the University of 
Minnesota collection several hitherto undescribed species have 
been encountered. Descriptions of these new species are here 
presented. I wish to express my gratitude to Mr. Nathan 
Banks, Dr. Cornelius Betten and Dr. H. H. Ross, for checking 
these and many other species in the Minnesota collection. 
I am also greatly indebted to Dr. C. E. Mickel for his many 
helpful suggestions and advice. 


Anabolia longicercus n. sp. 


This species is very closely related to A. bimaculata Wlk., but 
differs in the cercus, tenth tergite and clasper being almost twice as 
long. The general body and wing color is considerably darker than in 
bimaculata. It also differs from bimaculata in the smaller wing expanse, 
31-39 mm. in bimaculata. 


Male.—Wing expanse 29-36 mm. Head and pronotum dark brown, 
palpi light brown; bristles of head, pronotum and mesonotum generally 
black. Wing membrane and veins dark brown with many small 
uniformly scattered hyaline dots; an oblique hyaline spot near apex 
of cell Ms. 

Genitalia as in figs. 1, la, 1b. Ninth segment constricted to a 
very narrow ridge dorsally. Lobes of tenth tergite thin and plate- 
like, gradually divergent from base, outer surface of distal third quite 
roughened; viewed laterally gradually narrowed to a blunt point, a few 
light colored setae at tip. Cerci, fig. 1, long and narrow, concave 
internally, distal portion only slightly narrower than proximal portion 
and very slightly directed ventrad (in bimaculata cerci directed dorsad). 
Claspers long and attenuated, obliquely directed dorsad, bearing minute 
light colored setae. Between base of clasper and tenth tergite, and 
closely appressed to base of tenth tergite, a small knob-like structure 
borne by the ninth segment, bearing a few small setae. Lateral arm 
of oedeagus entirely sclerotized, distal end varying from straight margin 
to slightly furcate, fig. la, 1b, (in bimaculata from slightly to deeply 
furcate), distal margin bearing dense setae, dorso-distal angle with 
several closely placed short spines. 

Female.—Wing expanse 32-38 mm. Similar in color and structure 
to male. Diagnostic characters in genitalia readily separate this species 
from bimaculata. Drawings of the lateral and dorsal aspect of the 
female bimaculata genitalia are offered for purposes of comparison, 
figs. 3, 3a. 
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Genitalia as in figs. 6, 6a. Dorsal portion of ninth segment small 
and triangular. Side piece of ninth segment broadly triangular, the 
ventral margin gradually curved dorsad. Cerci long, sub-cylindrical, 
reaching almost to distal end of tubular piece, tapering gradually to an 
acute point, gradually divergent from base. Tubular piece divided to 
base, extending just beyond tip of cercus, laterally very broad; closely 
appressed to ventral margin a small flattened structure, bearing a few 
small setae. 


Tlolotype—Male, Hallock, Minn., July 24, 1936, light trap, 
(D. G. Denning). 

Allotype—Female, Hallock, Minn., July 24, 1936, light 
trap, (D. G. Denning). 

Paratypes—Hallock, Minn., June 20, 1936, light trap, (D. G. 
Denning), 2 males, 1 female; 4 males, 2 females, same data, 
June 26, 1936; 1 male, same data, July 7, 1937; 12 males, 
4 females, same data, July 24, 1936; 3 females, same data, 
August 21; 1 female, same data, August 22; 1 male, same 
data, August 25, 1935; Crookston, Minn., July 20, 1936, light 
trap, (D. G. Denning), 4 males, 2 females. 

All types deposited in University of Minnesota collection 
except 1 male paratype, Hallock, Minn., July 24, 1936, in the 
U.S. National Museum. 


Anabolia caroli n. sp. 


Male.—Wing expanse 42 mm. Head and pronotum black, meso- 
notum black except a large diamond-shaped orange spot on posterior 
portion; antennae dark brown, scape clothed with black setae; legs 
yellowish, armed with black spines. Head and thorax bearing long 
bright silvery setae. Forewings dark brown, thickly and irregularly 
maculated with hyaline spots, the majority being small and round, 
apex of cell R; with a long slender hyaline spot, about one-half the 
length of the cell; wing sparingly clothed with black setae. Hind wings 
hyaline, apex darkly clouded. 

Genitalia as in figs. 5, 5a, 5b. Ninth segment reduced to a narrow 
collar dorsally. Tenth tergite, viewed laterally, narrow and plate- 
like, dorso-distal angle rounded, extending caudad slightly beyond 
clasper; viewed dorsally, fig. 5a, appears as a trough-like plate becoming 
acute distally. Directly ventrad of tenth tergite a lightly sclerotized 
structure, sharply acute when viewed laterally and appearing as a 
flattened bilobed structure when viewed dorsally. Cerci with dorso- 
distal and ventro-distal angles produced into a blunt point; the mesal 
margin with a very heavily sclerotized rounded projection when viewed 
laterally; appearing as an acute projection when viewed dorsally, 
fig. 5a; the entire mesal margin heavily sclerotized ; caudal margin deeply 
excavated. Claspers directed caudad almost as far as tenth tergite, 
dorsal margin straight, the outer margin bearing medium length setae. 
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Lateral arms of oedagus deeply furcate distally, the dorsal branch 
considerably longer than ventral branch, each branch bearing a dense 
brush of long, stout, closely placed setae. 


NEVRONIA INORNATA 


ANABOLIA LONGICERCUS ANABOLIA BIMACULATA 


LIMNEPHILUS CANADENSIS 
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RHYACOPHILA UNIMACULATA 


ANABOLIA LONGICERCUS 


ANABOLIA CAROL! 


Genitalia of new and little known Trichoptera. 


Holotype—Male, Robson, British Columbia, August, 1939, 
(H. R. Foxlee) ; deposited in University of Minnesota Collection. 
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Neophylax nacatus n. sp. 


This species has been examined by Dr. H. H. Ross, who states that 
it is closely related to mitchelli Carpenter. In size, color and general 
appearance it also closely resembles autumnus Vorhies. 

Male.—Wing expanse 16-19mm. Antennae, body and legs fulvous, 
pubescence on head and scape of antennae gray with a few yellowish 
hairs; forewing ground color fuscous with yellow areas forming an 
irrorate pattern over most of wings, a long narrow yellow spot along 
inner margin of wing extending out from base and a second smaller spot 
along middle of the inner margin, as in autumnus, but with a wider 
fuscous band between the two; general color lighter than in antumnus. 

Genitalia as in figs. 10, 10a. Viewed laterally, fig. 10a, tenth tergite 
long, dorsal branch widened and rounded distally, directed slightly 
ventrad; ventral branch slender, gradually tapering to a caudad directed 
point. Lateral portion of the ninth segment with a sub-triangular lobe, 
the dorsal margin curved inward, this lobe bearing several long stout 
setae. Claspers, viewed laterally, short and quadrate; viewed ventrally, 
fig. 10, produced into a short sclerotized point; the lateral surface with 
short setae. Ventral view, fig. 10, shows distal margin of ninth sternite, 
between the claspers, with a small bi-lobed projection. The seventh 
ventral segment of male bears a stout tooth projecting caudad to margin 
of segment. 


ITolotype—Male, Jefferson, New Hampshire, September 16, 
1936, (D. Lenox); deposited in University of Minnesota 
collection. 

Paratypes—Lyndonville, Vermont, October 6, 1937, (Esther 
Smith), 1 male; in University of Minnesota collection; Sperry- 
ville, Virginia, September 15, 1933, (J. H. Roberts), 1 male; 
Washington, Virginia, October 1, 1933, (J. H. Roberts), 1 male. 
The latter two paratypic males deposited in the U. S. National 


Museum. 


Rhyacophila unimaculata n. sp. 


This species belongs to a species group of Rhyacophilids which is 
separated in having cell Rz of the forewing definitely reaching basad 
of cell R,!. It can be separated from all others of the group by the 
very characteristic genitalia. 

Male.—Wing expanse 23 mm. Head, thorax, abdomen, antennae 
and maxillary palpi black. The various warts of the head and raised 
areas of the thorax bearing a few long black and golden colored setae. 
Legs dark brown and yellowish except coxae black. Wings dark 
brown; forewings with a few scattered white spots, a large white spot 
near apex of Cu, and Anal veins; hind wing uniformly dark brown 
except darker near costal margin. 


1‘Studies in North American Trichoptera,’’ 3, p. 90, 1940 (L. J. Milne, Cam- 
bridge, Massachusetts). 
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Genitalia as in figs. 7, 7a, 7b, 7c. Dorsal portion of ninth segment 
wider than ventral portion. Clasper with distal segment slightly 
shorter than proximal segment, ventral margin of proximal segment 
about a third longer than dorsal margin; distal segment with dorsal 
margin gradually tapering ventro-caudad and forming a subacute 
apex. Tenth tergite, viewed dorsally, fig. 7c, slightly more than twice 
as long as wide, narrowly incised on meson to form two blunt pointed 
lobes, this emargination much narrower than lobes on each side of it; 
laterally tenth tergite produced into an apical knob reaching caudad 
almost as far as claspers. Extending caudad from base of tenth tergite 
a long strongly sclerotized rod distally incised into a broad V when 
viewed dorsally. Dorsal membranous base of oedagus with a long 
strongly sclerotized rod, fused for a short distance to rod mentioned 
above and slightly longer than it, upturned distally and shallowly 
incised when viewed dorsally. Oedagus consists of a thin sclerotized 
plate-like process, viewed laterally this extends caudad almost as far as 
claspers. Distal portion, viewed ventrally, fig. 7a, consists of a pair of 
narrow lateral processes gradually tapered and slightly incurved distally, 
and a slender, longer, straight mesal piece. When viewed laterally, 
fig. 7b, base of oedagus with a long thin sclerotized spatulate process 
directed ventro-caudad, its dorsal surface thickly covered with small 
wide flattened spines. 


Holotype—Male, Robson, British Columbia, April 16, 1939, 
(H. R. Foxlee); deposited in University of Minnesota collection. 


Anisogamus banksi n. sp. 


This distinctive Limnephilid has been examined by Mr. Nathan 
Banks who states that it is similar to A. edwardsi in structure and 
color. It can be distinguished at once from edwardsi by the presence 
of a large pale spot on each forewing and in the genitalia being radically 
different. 

Male.—Wing expanse 32 mm. General body color black, hairs of 
head and pronotum yellowish. Proximal two-thirds of femur brownish, 
remainder of legs yellowish, dense black setae give tarsi blackish appear- 
ance; spur count 1-3-4. Wing membrane hyaline brownish, sparsely 
clothed with black hair, except along outer border rather densely 
clothed with black hair, giving a blackish appearance to the wing; 
forewing costal margin with dense black bristles. A large prominent 
pale spot, about center of forewing where M, arises from media, and a 
much smaller spot at tip of Anal veins. Hind wing membrane about 
same color as forewing, pubescence black and sparse. 

Genitalia as in figs. 11, lla, 1lb. Ninth segment wide in middle, 
constricted dorsally to a narrow collar. Cerci gradually directed 
ventrad, fully twice as long as wide, mesal margin bearing long stout 
setae. Claspers narrow, about same width throughout length; dorso- 
distal angle produced into a short thumb-like process bearing stout 
black setae; ventro-distal angle extended into a long pointed process 
directed caudad and inward and slightly dorsad. Entire outer margin 
of clasper heavily clothed with long stout black setae. Tenth tergite, 
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viewed dorsally, fig. 11, long and slender, gradually tapering to a point. 
Oedagus, fig. lla, with distal portion flanged, lateral arm slender, 
gradually curved upward, tapering to a sharp slender point, not quite 
reaching apex of oedagus, and bearing only a few short closely appressed 
teeth along ventral margin. 


ITolotype—Male, Wallace, Idaho, April 29, 1938, (Otto 
Huellemann); deposited in University of Minnesota collection. 
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AGAPETUS ROSS: 


NEOPHYLAX NACATUS 





Genitalia of new and little known Trichoptera, 


Agapetus rossi n. sp. 


This Agapetus can be readily separated from other described mem- 
bers of the genus by the distinctive genitalia. 

Male.—Length 6 mm. Body light brown, legs about same color, 
antennae a little darker. Head and pronotum with dense long light 
brown hair. Wings light brown. Spurs, ocelli, antennae and wings 
typical of genus. The usual ovate process present on fifth abdominal 
segment, sixth sternite with short stout projection reaching caudal 
margin of segment. 
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Genitalia as in figs. 12, 12a. Claspers short, narrow, gradually 
widened distally, medially distal margin with a dark point turned 
slightly inward; ventral margin convex, when viewed laterally, fig. 12a, 
an almost straight dark sclerotized ridge extending caudad almost 
entire length of clasper, bearing fine light brown setae. Cerci short 
and slender, gradually rounded ventrad distally, a few long light brown 
setae along dorso-lateral margin; when viewed dorsally, fig. 12, cerci 
curved outward. Ventral portion of tenth tergite composed of a long 
sclerotized rod, reaching caudad about as far as cercus and then rather 
abruptly turned dorsad; dorsal portion membranous. Membranous 
portion of tenth tergite, viewed dorsally, fig. 12, divided about two- 
thirds distance to base, distal portion of ventral rod abruptly turned 
laterad and gently curved caudad as a sharp darkly sclerotized point. 

Female.—Slightly larger than male, similar to it in color. Sixth 
sternite with small blunt mesal projection. Fifth, sixth and seventh 
sternites with a crescentric ridge extending from proximo-lateral corner 
through mesal region in fifth sternite and through meso-distal region 
in sixth and seventh sternites. 


Holotype—Male, St. Louis Co., Minnesota, Lake Superior at 
Gooseberry River, July 1, 1935, (D. Denning). 

Allotype—Female. Same data as for holotype male; types 
deposited in University of Minnesota collection. 


Limnephilus canadensis Banks 


In 1908 Mr. Nathan Banks described Limnephilus canadensis from 
two females, one from Laval Co., (Quebec) Canada, June 29th, another 
from Orono, Maine. Since diagnostic characters for most of the 
females of the Limnephilids have not as yet been worked out, the true 
status of this species has remained in question.? In the past several 
years, females belonging to this species have been reared and collected 
in association with a hitherto undescribed male. Mr. Banks and Dr. 
H. H. Ross agree with the writer that this male represents the male 
of canadensis. A male collected in Marshall County, Minnesota, 
July 23, 1936, and being identical in external characters with the 
female canadensis, is here designated the allotype. 

Male.—Wing expanse 18 to 22 mm. General body color dark 
brown, legs yellow, bearing black spines. Forewings varying from 
lightly flecked with brown dots to almost solidly brown. In 36 males 
examined the costal area of the forewings, from base of pterostigma, is 
hyaline. General structure would place this in the Colpotaulius section 
of the Limnephilus. First tarsal segment of foreleg less than one-third 
length of second segment. Two stout black bristles present at distal 
end of male femur. Eighth tergite with a prominent meso-apical 
projection densely covered with short, black setae. 

Male genitalia, figs. 4, 4a, most closely resembles rhaeus Milne. 
Ninth segment wide in the middle, greatly narrowed dorsally. Plates 


2H. H. Ross, Lectotypes of North American Caddis flies in the Museum ot 
Comparative Zoology. Psyche, Vol. XLV, No. 1 (1938), p. 34. 
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of tenth tergite short and thick, only small portion of ventral angle 
discernible when viewed laterally. Tenth tergite heavily sclerotized, 
produced caudally into an acute point, outer surface with a few fine 
setae. Cerci short, subtriangular when viewed laterally, truncate 
distally, most of margin fringed with long setae; inner surface heavily 
sclerotized. Claspers long and slender, projecting directly caudad, 
ventral margin slightly upturned distally; a dorsal angulation a little 
beyond middle of clasper, distal and ventral margin with small fine 
setae. In dried specimens, the claspers appear shiny black. Oedagus, 
fig. 4a, tubular, tapering gradually; distal portion short. Lateral arms 
strikingly similar to rhaeus Milne, but not tapering to such a slender 
point; four or five short stout spines at distal tip, ventral margin of 
distal portion with fringe of fine closely placed setae. 


Allotype—Male, Marshall Co., Minnesota, July 23, 1936, 
light trap, (D. G. Denning); deposited in University of Minne- 
sota collection. 


Brachycentrus incanus Hagen 


Brachycentrus incanus was described by Hagen in 1861 from a 
female collected at Washington, D. C., April, 1859, by Osten Sacken. 
For several years, this species has been placed as a synonym of fuligi- 
nosus Wilk. A short time ago the writer borrowed from the U. S. 
National Museum a male Brachycentrid determined as incanus Hagen 
by Mr. Banks. Recently Dr. H. H. Ross and the writer, in checking 
over the described males in this genus, could find no description into 
which this male would fit. Since this male was collected at a locality 
approximate to the type locality of Hagen’s female, and in view of the 
fact that the only remaining unknown species was incanus Hagen, it is 
assumed that this male represents the male of incanus. 

Male.—Body mostly black, femora light brown, remainder of legs 
yellowish. Wing membrane tannish gray. Maxillary palpi short, not 
quite reaching ventral margin of first antennal segment, entire palpus 
densely covered with long brown and golden hair. Tibial spur 
count 2-3-3. 

Genitalia as in figs. 8, 8a, 8b. Dorsal portion of ninth segment 
extended caudad a short distance; approximately the same width 
dorsally and ventrally. Cerci appressed and hoodlike, but are well 
separated; gradually directed ventrad distally, with fine scattered setae 
mostly along outer margin. Claspers, fig. 8b, most similar to Jateralis 
Say, gently curved caudad, and scarcely hooked ventrad at apex. 
Tenth tergite with sclerotized portion extending caudo-ventrad into a 
slipper-shaped structure when viewed laterally, covering distal end of 
oedagus and extending a short distance beyond; proximal portion 
extended downward and forming two small triangular plates closely 
appressed against ventral surface of oedagus. Tenth tergite viewed 
ventrally, fig. 8a, shallowly notched distally, extending much beyond 
distal margin of oedagus. Near base of cercus a lightly sclerotized 
cushion bearing fine thick setae. Ventral plate of seventh abdominal 
sternite present, rounded, height about one-third proximal margin. 
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Allotype—Male, Cabin John, Maryland, April 21, (H. S. 
Barber); in U. S. National Museum. 

Since Brachycentrus incanus exhibits certain similarities to 
lateralis Say a figure of the male genitalia of lateralis is here 
added, Fig. 9. General color of lateralis is lighter than incanus, 
palpi covered with pale fuscous hair and reach slightly beyond 
margin of first antennal segment. Cerci of lateralis not appressed 
or hood-like, shorter than in incanus. Tenth tergite relatively 
short, distal portion of plate with dorsum elevated to form 
two spoon-like lobes; viewed ventrally, Fig. 9a, the distal 
margin of oedagus extends a short distance beyond tenth 
tergite. Clasper, Fig. 9b, considerably bowed; with broad 
short hook distally, larger and more prominent than in incanus. 

Genitalia drawn from male collected at Port Huron, Mich- 
igan, June, (H. S. Hubbard); in U. S. National Museum. 


Neuronia inornata Banks 


This species was described by Banks in 1907 from a single male 
collected at St. Anthony Park (St. Paul), Minnesota. Until recently 
the female has remained unknown. The general color and structure is 
almost identical to the male. Wing expanse 47 to 50 mm. 

Head, thorax, antennae, maxillary palpi and legs yellowish brown; 
a trifle brighter than in male. Head and thorax bearing long, light 
yellow setae. Both pairs of wings light brownish hyaline; light brown 
irrorations over all of forewing, much darker than hind wings where the 
brown irrorations are confined to the distal portion. Wings, as in male, 
sparingly clothed with short black hairs. Subapical portion of Rj, in 
forewing, sinuate as in male. Rg of forewing arises at or before middle 
of discal cell. 

Genitalia as in fig. 2. Distal end of abdomen obtuse, strongly 
compressed. Ninth segment broad, margin straight; the lateral portion 
produced caudally into a narrow projection, the distal margin incised 
forming a dorsal lobe appearing as an acute tubercle when viewed 
dorsally, and a long tapering finger-like ventral lobe extended caudo- 
ventrad and closely appressed against the last sternite, inner margin 
bearing long stout yellowish setae. Lateral margin of tenth tergite 
rounded, two short acute angulations along distal margin, a slight 
incision in center between these two. Outer margin of tenth tergite 
bearing long, stout, dense-yellowish setae. On dorsum of tenth tergite 
a pair of flattened short triangular tubercles, directed caudad and 
situated about two-thirds distance from caudal margin. Last abdominal 
sternite smooth, shining, bearing no setae; distal margin broadly 
rounded with a shallow incision in center. 


Allotype—Female, St. Paul, Minnesota, May 25, 1932, at 
light, (A. A. Granovsky) ; deposited in University of Minnesota 
collection. 








LIFE HISTORY OF PHYMATA PENNSYLVANICA 
AMERICANA MELIN 


(Phymatidae, Hemiptera) 


W. V. BALpur, 
University of Illinois! 
Urbana, IIlinois 


In 1927, Readio summarized the then known bionomics of 
North American Phymatidae, or ambush bugs, and presented 
original biological notes on Phymata ‘‘erosa fasciata’’ from 
Kansas. He figured the stages and instars, and a mass of the 
eggs. Evans (1931), in his preliminary revision of this family 
as it occurs in North America, concluded the name erosa fasciata 
applies to a South American species, a point of view with which 
Mr. H. G. Barber, hemipterist of the United States National 
Museum, expressed agreement in recent correspondence. The 
name pennsylvanica americana should be used for this common 
species of the Eastern United States, according to both these 
authorities. 

In 1939 and 1940, I reported my studies of the feeding habits 
and prey of americana as made under natural conditions at the 
University of Illinois in 1938 and 1939. During the years 
1938, 1939 and 1940, I succeeded in making known the life 
history of this bug as described below. Twenty nymphs were 
reared to maturity from overwintered eggs, and eleven pairs 
of adults were caged separately to obtain data on duration of 
life and reproductive capacity. These materials supplement 


frequent observations made, largely on the adult bugs, in the 
field. 


HABITAT 


The adults occur on vegetation in open places exposed directly to 
wind and sunshine. In east central Illinois, whose acreage is almost 


1Contribution No. 212 from the Entomological Laboratories of the University 
of Illinois. I am pleased to acknowledge my indebtedness to the following: Messrs. 
J. H. Evans, Oshkosh, Wis., and H. G. Barber, U. S. National Museum, for deter- 
mining the ambush bug studied; Doctor Wilbur Luce, fellow biologist, for cultures 
of Drosophila; Ralph March and Manuel Petrakis for their conscientious care of 
the rearing and ovipositional cages. 

Persons interested in the detailed records on which this paper is largely based 
may consult the tables on file in the Natural History Library, University of Illinois, 
Urbana, Illinois. 
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exclusively under cultivation, this insect therefore frequents plants 
along railroads, highways, fences, ditch banks, wood margins, open sunny 
spots in sparsely wooded areas, and pastures infested with flowering 
weeds. The majority of the plants on which this bug awaits prey are 
yellow-flowered Compositae, but this fact does not necessarily signify a 
marked preference for that color, for pink, red, bluish-gray, purple and 
white flowers also are commonly visited (Balduf, 1939). The principal 
factor determining choice of plants for ambush is probably not color, 
but the capacity of the flower to attract insects of sufficient numbers to 
meet the food needs of the bug. Some bright yellow flowers—e. g., the 
common rosin weed (Silphium)—were rarely visited by nectar- or 
pollen-eating insects and were as rarely frequented by this Phymata. 
But flowers rich in pollen or nectar, or both, regardless of color, are 
frequented by flies, bees, beetles, moths, butterflies and other insects in 
greater or lesser numbers, and in such situations the predator was 
common. Yet not all such places were inhabited by it. It was found 
to occur in greatest numbers where an unbroken succession of suitable 
ambush plants grows throughout the year. From spring to fall, these 
serve to detain the nymphs and the adults, and from summer to the 
following spring they probably give shelter and support to the eggs. 
In June-July, 1939, some nymphs and adults were found on flowerless 
plants, including a shrub and a rank stand of giant ragweed. In the 
latter case, they sat on the topmost rosette of leaves fully exposed 
to view. 


MOVEMENT 


Although the adult bugs spend most of their time at rest in watchful 
waiting for prey in or near flowers, they crawl freely, commonly employ- 
ing their grasping anterior legs as well as the other two pairs in doing so. 
Moreover, they fly readily, using this mode of locomotion chiefly at 
higher temperatures and for migration from habitats whose flowers 
have lost their attraction for potential prey insects. From these they 
fly to situations possessing a considerable growth of new, freshly- 
blooming, prey-attracting ambush plants. Suitable new habitats are 
discovered by haphazard flight, and in the course of such movements 
the bugs sometimes rest temporarily on flowerless vegetation. 


COUPLING AND MATING 


The males and females are readily distinguished. The male is 
slightly smaller, more slender and darker, and has a genital sclerite of 
elongate oval form; whereas the corresponding sclerite of the larger, 
broader and yellower female forms an isosceles triangle. 

Two distinct postures are assumed by paired males and females. In 
the first, which is here called coupling, the male stands or rides on the 
back of his mate, but never the female on the male, whereas in the 
second, or copulatory posture, the united bodies are in a V-shaped 
relation to each other, in which the latero-ventral surfaces of the abdo- 
mens come in contact while the anterior ends diverge. When united 
in copulo, the female stands in her usual resting position on the plant 
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surface, whereas the male hangs on and stands at her right or left side. 
To maintain this posture, the male may hold to his mate by one, two or 
all the legs of his one side, the legs embracing the connexivum of her 
abdomen and the edge of her thorax, and extend over the dorsum to 
about the middle. The opposite three legs of the male rest upon the 
plant. During copulation, the oval genital sclerite of the male is pushed 
outward and turned at an oblique angle to the long axis of the abdomen, 
while the corresponding sclerite of the female is raised, mostly along its 
anterior edge. Occasionally two males were seen stacked up one above 
the other on the back of one female. During mating, the male head 
and extended antennae engage in a rapid dorso-ventral trilling movement. 

Coupling begins when the adults are about a week old, and copulation 
generally follows the initial coupling by several days. The relative 
frequency of coupling and copulation in three years was: September 10 
October 19, 1938, 88 coupled pairs to 58 copulating pairs; July 15-Octo- 
ber 20, 1939, 523 to 130, and September 6—October 28, 1940, 504-25. 
In 1940, the field work was done chiefly in the cooler hours before noon, 
whereas in 1938 and 1939, the records were taken principally in the 
warmer hours of afternoon. Hence, the act of mating is performed 
largely in the higher temperatures, or in degrees ranging from 80 to 92 
Fahrenheit. The activity declined, however, on afternoons when tem- 
peratures reached 95 degrees or more. By contrast, the coupling 
relation persisted in temperatures as low as 54 degrees and for at least 
an hour after sunset. 

The ratio of pairing, that is, coupling and mating combined, to 
single males and females underwent a notable shift during the summer 
and autumn of 1939, when records were kept for the entire duration of the 
adult life. Early in July, when the adult bugs had newly transformed, 
pairs were lacking to scarce, whereafter pairing increased gradually to 
attain its highest frequency during the period August 4 to September 13. 
After the latter date, these sexual activities declined gradually to 
terminate toward the end of October. 

A survey of the records for the entire season of 1939 reveals also a 
significant shift in the ratio of sexes. The daily total of males regularly 
exceeded the daily total number of females from July 8 to September 12. 
Thereupon the ratio vacillated during a two-day transitional period 
September 13 and 14. But thereafter, the proportion turned consistently 
in favor of the females over the males. As time went on from Septem- 
ber 15 to October 20, the preponderance of females increased, somewhat 
gradually, in much the same manner that the numerical superiority of 
the males decreased from July 8 to September 12. A similar reversal 
was observed in 1940. However, this took place about a month later 
than in 1939, the delay being in part traceable to the unusually cool 
weather of the spring months. From September 6 to October 12, the 
males predominated daily with the exception of September 28. During 
that period the total count was 1378 males and 799 females. From 
October 17 to November 2, females usually outnumbered the males. 
The small totals—34 males and 86 females, and the discovery of only 
one mating pair during the latter period, show that the peak of sexual 
activity had passed and that many of the bugs had died. 
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These changes in sex ratio signify that, on the whole, the males 
reach adulthood somewhat earlier in the season than the females, and 
second, that the males die off somewhat before the females. This fact is 
at least in part traceable to the shorter life of the male nymphs. Ina 
series of 20 adults reared from eggs in 1939, the average duration of life 
of the 15 male nymphs was 41.86 days as compared with the female 
nymphal average of 45.40 days. But despite the shifts in sex ratio 
noted above, the total number of males compared with the total females 
recorded throughout the year exhibit no significant difference. In 1939 
1324 males were seen and 1287 females, a difference of only 37 in favor 
of the males. The males, on the whole, are somewhat more active than 
the females, and may therefore possibly be seen more readily during 
field observations. 


OVARIES AND OOGENESIS 


Each of the two ovaries consists of three ovarian tubes. These con- 
verge at the base and empty their products through a common short 
duct into the vagina. The duct is not enlarged or dilated into a calyx 
for storage of the mature eggs awaiting deposition. The ripe eggs there- 
fore accumulate at the base of the ovarian tubes. The immature eggs in 
the apical reaches of the tubes are white and irregular in shape, whereas 
the mature or almost mature individuals are alike in form, but white or 
brown, or exhibit various intermediate combinations of these colors. 
Usually the fully formed white egg gradually undergoes the change from 
white to brown simultaneously over its whole surface, but in some cases 
the lower half had turned mature brown while the cephalic half was still 
quite pale whitish. 

Dissection of 107 females collected in nature between August 9 and 
October 30, 1938, revealed some facts of interest concerning development 
of the eggs in the ovaries. Without a single exception, the ovarian tubes 
contained one or more mature brown eggs, showing that the ovipositional 
period of the species as a whole is at least 82 days long in nature. More- 
over, the development of the eggs does not proceed in a strictly simul- 
taneous manner in all the tubes. In minimum instances, only one 
mature brown egg was found in the ovaries of a bug. But in maximum 
cases up to 19 such eggs were present—four in one tube and three in 
‘ach of the five others. A ratio of distribution similar to the latter 
obtained also in all females containing eggs numbering from 6 to 18. 

As the eggs become full-sized and mature brown, they accumulate 
in the proximal ends of their respective ovarian tubes where they were 
found in numbers per female from one to nineteen. However, as many 
as 24 obviously gather there in some cases, for that number has been 
found laid in a single mass by a captive female. When the higher num- 
bers are present in the ovaries, they lie at angles of various obliquity to 
the length of the tubes, which condition raises the question whether such 
accumulations may be fatal to the bug. The eggs lie with the rounded 
posterior end directed toward the apertures of the tubes and therefore 
appear from the vagina in that position. Accordingly it is the posterior 
end that contacts the surface of the support, leaving the cephalic end 
exposed above the frothy matrix. 
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EGGS AND OVIPOSITION 


The large rounded depressed body of the egg is set off from the short 
cylindrical cephalic end by a sharp but shallow constriction. This 
cephalic part stands at a pronounced angle with the egg body and 
terminates in an aperture closed by a thin circular cover which the hatch- 
ing embryo pushes off. The egg wall consists of a thin whitish vitelline 
membrane and a thick coriacious impervious outer layer or chorion. 
Eggs kept in 70 per cent alcohol more than a year have neither swelled 
nor contracted perceptibly, but eggs left in an atmosphere of low 
humidity from June to October became sharply dented. 

In captivity the eggs were mostly secured to plane surfaces, and, 
with few exceptions observed toward the end of the oviposition period, 
they occurred in masses that very commonly contain 12 to 19 individ- 
uals. The masses vary in shape from irregularly elongate-rectangular to 
subtriangular and suboval. Within the mass, the several eggs stand . 
an angle of 45 degrees or less to the substratum, sometimes partly i 
contact with each other, but mostly narrowly separated by an inter 
vening layer of frothy tan-colored matrix that embeds them almost to 
the neck and turns to a golden brown upon exposure to air. 


OVIPOSITION CAGES 


More or less complete oviposition records were secured for 11 paired 
females in 1939. Five of the females used were reared from overwintered 
eggs and six from nymphs found in nature in May and June. The pairs 
were kept apart, each caged in a large test tube 6.5 inches long and 1.5 
inches in diameter. A strip of corrugated cardboard 1.25 inches wide 
and about 5.25 inches long placed in each tube gave the bugs the nec- 
essary footing and also a surface on which to attach their eggs. The 
masses were easily removed from the cages as laid by cutting out a small 
square of cardboard that bore them. The cage number and date may be 
written on the back of the square to identify the eggs. Two layers of 
cheese cloth held in place with a small rubber band served well for closing 
the end of the cage. Four living house flies (Musca domestica) were pro- 
vided daily for each pair of bugs. The flies were obtained in quantity 
from fly traps or by insect net in stables, and stored in large flasks in an 
automatic refrigerator at 32 degrees Fahr. until needed in the cages. 
The flies thus stored remained vigorous enough to stimulate seizing 
responses in the bugs as long as four days after they were placed in 
refrigeration. 


SUMMARY OF OVIPOSITION RECORDS 


The ovipositional data obtained from 11 caged paired females are 
summarized herewith. These females as a whole oviposited from June 
to November. The several individuals began laying eggs from 12 to 21 
days after they reached the adult form. ‘Survival of the females after 
the last deposition was of much less uniform duration than the pre- 
oviposition period, having varied between 0 and 30 days. There was a 
wide spread of 40 to 128 days in the duration of the egg-laying periods 
of the several females. The total number laid by the eleven individuals 
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was 2589 and ranged from 133 to 350 or an average of 235.36 per female, 
but some of the shorter-lived females probably did not produce the 
potential number. A noteworthy difference in the rate of egg-develop- 
ment in the ovaries of the several females is indicated by the average 
daily yields which ranged from 2.18 to 4.37 eggs per day. Further, the 
number of masses laid during the entire productive life varied from 10 to 
40 per female. These striking differences between the yields of the 
individuals are largely correlated with length of the productive periods, 
the smaller numbers having been laid by the shorter-lived females and 
the larger numbers by the longer-lived bugs. But the individual per- 
formance records that form the basis of these summaries show further 
that some females oviposited much more frequently and smaller num- 
bers of eggs per mass than others. This fact helps to explain the higher 
number of masses laid by some females. Such smaller and more frequent 
depositions were made principally in the second half of the productive 
life of the bug. During the first part of that life the masses commonly 
consisted of 12 to 19 eggs each and were laid mostly at intervals of 
about four days. One noteworthy exception to the latter facts was 
noted. The average number per mass laid by this female was 19.6, and 
the intervals between depositions largely 7 to 9 days. Both these figures 
are far in excess of the equivalent data for the other 10 females. 


WINTERING AND HATCHING 


Masses of eggs obtained from caged females during the summer and 
fall of 1938 were kept under natural conditions out of doors in a cheese 
cloth bag during the ensuing winter and until April 24, 1939. On the 
latter date they were placed in a warm room where they hatched 
between April 29 and May 1. Dissections of eggs at various seasons 
showed the embryos uniformly developed to a certain advanced state 
promptly after the eggs were laid but failed to hatch that same season 
despite many days of favorably warm weather. In this state the facets 
of the eyes are recognizable and pink, and the segments of the antennae, 
labium, legs and abdomen are distinguishable. The embryo lies on its 
venter with the head in contact, or nearly so, with the circular lid of 
the shell. It is therefore the advanced embryo in the egg that carries 
the species through the winter here. 

The process of hatching was not observed directly, but the pronymph 
obviosly issues from the chorion by raising the circular lid that covers 
the terminal emergence hole. The lids may be pushed entirely from the 
chorion, or they may contact one edge of the hole, while still others fall 
back into their original position. The cast embryonic membrane or 
pronymphal skin lies either entirely outside of the chorion or partly 
inserted in the same and held by the lid in many cases. The position of 
the cast membranes shows they are shed before the embryos come 
entirely out of the chorion or soon after they issue from it. 


NYMPHAL DEVELOPMENT 


Forty-seven newly hatched nymphs were caged individually in vials 
1 3/16 inches in diameter and three inches long. Each cage was equipped 
with a strip of pressed cork cut to fit snugly across the diameter of the 
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tube. Pea aphids (Macrosiphum pisi) from alfalfa provided for the 
two-day old nymphs were not taken as prey, perhaps because they may 
be too sluggish in their movements to stimulate the grasping reflex of the 
bugs. But Drosophila melanogaster was readily captured by the nymphs 
of all the five instars. When the nymphs had reached the fifth stadium, 
living house flies were supplied as food as needed. Hungry nymphs of 
the first instar frequently probed with their mouth parts the inner sur- 
face of small squares of banana peel placed in the cage to feed the 
Drosophila flies and to maintain a humid atmosphere. Their manner of 
standing quietly for some time at one spot with the apex of the pro- 
boscis applied to the peeling indicated they actually drew some sub- 
stance from it. Later, humidity was kept up by placing saturated paper 
towels in the boxes containing the cages. 

Of the 47 individuals, 20 were reared to the adult state. Some of 
the nymphs were preserved as representatives of the instars and others 
died, principally from accidents and from difficulties in molting. Five 
instars constitute the nymphal stage. These have been described by 
Readio (1927). At the beginning of each instar, the abdomen is strongly 
concave above with very prominent connexiva, but as the bug grows 
internally during each stadium the concavity and the marginal prom- 
inences disappear. Accordingly, the body wall becomes fully expanded, 
the dorsum of the thorax and abdomen become almost flat and the 
abdomen assumes a shape approximating that of a kettle drum. The 
body is grass-green until it approaches the molting condition, when it 
turns whitish-green. At the same time a whitish median longitudinal 
band forms along the thorax and abdomen. This line expands in the 
middle of the abdomen to embrace the two apertures of the scent 
glands, which are situated at or near the anterior edges of the fourth 
and fifth segments, respectively. 

In the process of molting, the nymph sets its tarsi firmly in the 
substratum so that the exuviae remain attached in the original position 
after the nymph has issued. The cuticle breaks continuously along the 
median line from the anterior edge of the scent gland area to the vertex 
of the head. On the head the rent forks cephalo-latero-ventrad to a 
point between the compound eyes and the bases of the antennae. Asa 
result, the dorso-anterior part of the head skeleton is presumably raised 
along its posterior margin and pushed forward during the process of 
withdrawing the beak, antennae and fore legs. The exuviae of all the 
instars also exhibit transverse breaks. In stadia one to four, there is 
one such along the anterior edge of the fourth abdominal segment. In 
the fourth instar, this break is crescent-shaped, following along the 
rounded anterior-lateral margin of the gland area. But the position of 
the transverse breaks changes completely in the fifth where there are 
two clefts on the thorax—one along the coria of the pro-mesothorax, 
another, longer than the first, across the juncture of the meso- and 
metathorax. The wing pads apparently exert a much greater pressure 
in the thoracic area in the fifth instar than in previous stadia. In 
several instances noted in cages and in the field, the newly molted 
nymphs or adults sat removed not more than an inch from the cast skin. 

The following measurements of reared individuals are not entirely 
reliable for recognition of the several instars because the bugs grow 
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considerably within each stadium and because individuals of all growth 
phases within each stadium were not available for measurement. 


First instar —Fifteen nymphs ranging from newly hatched to 
advanced growth measured 1.8 to 2.0 mm. in length and 1.1 to 1.3 mm. 
in maximum width (across the abdomen). 

Second instar—Four individuals, 2.8 to 3.0 mm. long by 1.8 to 
2.0 mm. wide. 


Third instar —Two individuals in an advanced phase, 4.0 mm. long 
by 2.4 mm. wide. 

Fourth instar—Six individuals newly entered into this instar, 
5.0-6.0 mm. long by 3.0 to 3.7 mm. wide; one individual in the inter- 
mediate phase, 5.8 by 3.5 mm.; seven individuals due to molt soon, 5.5 
to 6.0 mm. by 3.5 to 3.7 mm. Four of the latter seven proved to be 
males and three became females. 


Fifth instar —Two nymphs newly entered into this instar, 7.4 mm. 
by 4.5 mm.; one nymph in an intermediate state of growth, 8.0 by 5.0 
mm. Four newly molted adults ranged from 9.0 to 10.5 mm. by 4.4 to 
5.5 mm. These measurements of the adults indicate the fully mature 
fifth instar nymphs are approximately 9.0 to 9.5 mm. long. 

The essential data obtained concerning nymphal growth of 20 reared 
individuals may be summarized as follows. The average and the 
extreme durations of the five instars are: first instar—average 9.70 
days, extremes 8 and 14 days; second instar—8.20, 5 and 11; third 
instar—5.70, 5 and 6; fourth instar—7.25, 6 and 9; fifth instar—average 
12.00 days, extremes 10 and 14 days. It will be seen that duration of 
the stadia declined from the first to the third instar, whereupon it 
increased to the fifth. The duration of the entire nymphal stage in the 
series of 20 individuals reared averaged 42.75 days, while the extremes 
were 39 and 47 days. It is noteworthy also that the development of 
the 15 male nymphs required an average of 41.86 days, while the average 
for the five female nymphs was 45.40 days, or 3.54 days longer than the 
male average. 


FEEDING HABITS OF THE NYMPHS 


The youngest nymphs of the first instar are not more than one-half 
the body volume of the adult Drosophila. Nevertheless they readily 
seized and held the flies with but one front leg. When a nymph of any 
instar has caught a fly, it probes the captive with the stylets until it 
finds the sutures or conjunctivae of the body wall. At such a place, the 
stylets penetrate to the body cavity. Like the adults, whose feeding 
habits I have described (1939), the nymphs probably inject a fluid into 
the fly as soon as the stylets pierce it. This injection has two apparent 
effects on the victim. First, it kills it promptly, and second, it inflates 
the body as far as the intersegmental membrane permit it to expand. 
Moreover, it is probable that it liquefies the muscles and viscera, more 
or less. This probability is indicated by the extremely contracted or 
telescoped segments of the abdomen of flies discarded by the bug after 
feeding, by the transparency of the body of such discarded flies, and by 
the small residue of pasty matter revealed in the cavity by the post- 
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mortem dissections of the Drosophila. The nymphs, like the adults, 
mostly wait for prey at a given spot. This fact was indicated repeatedly 
by the single heap of dead flies usually found around or below the perch 
of the bug. For most part, the nymphs, like the adults, rested at the 
end of the strips of material placed in the cages to support them. Here 
they captured the flies, drained them out, and dropped the empty 
shells in a pile below them. 


ENEMIES 


Dissection of some males and 107 females revealed no insects or 
other macroscopically visible organisms within the body cavity. Nymphs 
were not examined for parasites, and eggs of the bug have not been 
found in nature. In 1938, three adult bugs were found tangled in the 
webs of two spiders that shared the habitats of the bugs. Two of these 
occurred in the web of the large golden garden spider. Miranda aurantii, 
which was plentiful among the ambush plants in 1938, but uncommon in 
1939 in the same situations. The third individual was caught by a 
spider whose identity was not learned. 


LIFE CYCLE 


The Nymphal Stage-—Nymphs in the second instar were taken by 
sweeping from June 5 (1939) to June 17 (1940). A series of nymphs 
found on June 9, 1939, was then in the fourth and fifth instars, and 
another lot secured on June 24 of the same year by J. W. Schaffnit was 
s ill in these same instars. On July 17, 1940, I discovered 51 nymphs 
on the flower heads of red clover in a situation where adult bugs had 
been plentiful the year before. Of these nymphs, one represented the 
fourth stadium, and fifty the fifth. Three days later, only seven of 
these bugs remained in the last instar, and on July 25, only two had not 
become adults. Four last instar nymphs were found with 17 recently 
transformed adults on July 8, 1939, and by July 15, the ratio of nymphs 
to adults in the same situation had changed to one to 51. A female 
adult in the act of issuing from the last nymphal skin was reported by 
D. M. Neil on July 13, 1938. 

The above nymphal field records indicate the immature bugs hatch 
in late May and early June, and occur in the second to fifth instars from 
about June first to July 31, or two months. These estimates for the 
duration of the nymphal stage in nature are corroborated by the fact 
that the series of twenty individuals reared at more favorable temper- 
atures indoors required 39 to 47 days for their complete nymphal 
development. 

The Adult Stage—The first adults of 1939 were obtained on June 29 
by rearing field nymphs. It is probable, however, that the adults 
occurred in nature somewhat before that date. In 1939, the ratio of 
adults to nymphs increased rapidly during the first half of July, and a 
similar rate of transformation was observed in the second half of July, 
1940. For example, on July 15, 1939, a sample count contained one- 
fifth instar nymphs and 52 adults and on July 25, 1940, the sample 
contained two-fifth instar bugs and 86 adults. The considerable dis- 


1941] Balduf: Phymata 213 


crepancy in dates on which these bugs became adults in the two years 
is obviously traceable to the abnormally cool spring weather of 1940. 

The earliest transformations to the adult state therefore seem to be 
made about the middle of June, and all individuals probably have 
reached that form by July 31. Mating and oviposition attain their peak 
during August and September, after which time the adult population 
declines notably through death. The decline is known first from the 
discovery of dead bugs on ambush plants in late September and during 
October in both 1938 and 1939, and second from the gradually reduced 
number of living bugs found in the field during October. They had 
become extremely scarce on October 20 (1939) and 24 (1938), and only 
four survived on November 2, 1940, in situations frequented by hundreds 
in August and September. 

While data from the reared series show that the 29 adult bugs lived 
64 to 162 days each, the predominance of records ranging from 95 to 162 
days indicates the longer periods of duration are more representative 
than the shorter lifetime. However, the adult life of this species in nature 
extends from mid-June to early November, or over a period of four and 
a half months. 

The Egg Stage——In the reared series of bugs, the preoviposition 
period varied from two to three weeks. Applying this fact to develop- 
ment in nature, and considering that some pairs mated in the field as 
early as July 15, 1939, and a few females contained eggs on July 27, 1940, 
it may be concluded that oviposition begins during the second half of 
July. All females dissected in August, 1938-1940, had mature-sized 
brown eggs in the ovaries, as did also all individuals examined in Sep- 
tember and October. Oviposition is therefore probably somewhat 
continuous, with more or less variation in rate per day, through most of 
the adult life, or for a period of no less than three months. 

Eggs obtained during August and September, 1938 and 1939, win- 
tered successfully in cheesecloth bags kept under outdoor conditions. 
The discovery of second instar nymphs in nature before the middle of 
June is evidence that the eggs hatch early in that month or late in May. 
The first-laid eggs of Phymata therefore lie dormant in the field from 
late July of one year to June of the next, giving a maximum egg stage of 
approximately eleven months, including the cool and cold seasons of the 
year. That the egg forms the wintering stage is evidenced also by the 
death of all adult bugs in the fall, by the occurrence of no other stage but 
nymphs in early June, and by the pale color characteristic of the newly- 
transformed adults found in late June and during July. 

Summary.—The data cited leave no doubt that Phymata pennsyl- 
vanica americana completes one cycle or generation in a year in east 
central Illinois. Although eggs are laid in July-October and develop at 
once after deposition to an advanced embryonic state, they fail to hatch 
until the following spring, requiring the influence of one or more factors 
peculiar to winter to induce their further progress. The nymphal stage 
is limited to late May and June-July, and the adult life extends from 
June to early November, but reproductive activities reach their peak 
during the warmer months of August and September. All adults become 
old and die no later than the early part of November, leaving the egg as 
the only overwintering stage. 
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EMBRYOLOGY OF INSECTS AND MYRIOPODS, by Oskar A. JOHANNSEN 
and FERDINAND H. Butr. Pages i-xi and 1-462, 370 figs., 6 x 9 inches, linen 
bound. 1941. Published by McGraw-HILt Book Co., Inc., 330 W. 42nd 
3t., New York. Price, $5.00. 

The past six months have been a period of great worth to entomologists in 
that McGraw-Hill have added three outstanding works to their already note- 
worthy series in the science of entomology. The present volume on the embryology 
of insects is the latest and best review in any language and is the only one available 
in English. It is beautifully illustrated with figures mostly redrawn from the 
literature by the junior author. The material has been collected and arranged 
through the twenty years that a course of lectures on the embryology of insects 
has been given, first by Professor Johannsen and after his retirement by Professor 
Butt. 

The contents are arranged in two parts: I, twelve chapters on the general 
phases and problems of insect embryology, and II, nine chapters which cover 
the types of development from the Apterygota to the highest orders with an 
appended chapter on the Myriapoda. The subject headings run as follows: Part I, 
Chapter I. Introduction; II. Type of Embryonic Development in Insects; 
III. The Egg, Fertilization, Maturation and Cleavage; IV. Early Develop- 
ment; V. Embryonic Envelopes; VI. Gastrulation, Formation of Germ Layers 
and Endoderm; VII. The Alimentary Canal; VIII. Ectodermal Derivatives; 
IX. Mesodermal Derivatives; X. Polyembryology and Parthenogenesis; XI. 
Microorganisms in the Egg; XII. Experimental Embryology. Part II, Chapter 
XIII. Oligoentomata and Aptilota; XIV. Ephemerida, Odonata, etc.; XV. 
Orthopteroidea; XVI. Oligonephridia; XVII. Neuroptera and Coleoptera; 
XVIII. Hymenoptera; XIX. Trichoptera and Lepidoptera; XX. Siphonaptera 
and Diptera; XXI. Myriapoda, (Chilopoda, Diplopoda, Symphyla). 

We have just one regret when we review this ‘‘Embryology of Insects.’’ We 
regret that a subject so rich in details, varied from group to group, has to be 
sorted down to a mere skeleton of what happens in a few of the more carefully 
studied forms. Four hundred and sixty pages are a small space for the exposition 
of such a wealth of facts. 

We do not know of another two authors working together who take more 
pride in the quality of their product than do Professors Johannsen and Butt. 
Every aspect of the ‘‘Embryology of Insects’’ reflects their painstaking care. 
Both are scientific artists of exceptional ability. 

It is to be hoped that the present work besides its direct helpfulness in teaching 
the embryology of insects will light | the field of the pure science of entomology, 
along with such recent volumes as ‘‘The Principles of Insect Morphology,’’ by 
Snodgrass, and ‘‘Entomophagous Insects,’’ by Clausen, so that even prejudiced 
zoologists will be better able to recognize the scientific rewards awaiting students 
of the Insecta. When in living insects we can study the embryology of late Coal 
Age types as well as that of the recent forms, we are dealing with a gr yup of animals 
that holds almost unending opportunities for embryologists, behaviorists, physio- 
logists, etc. Insects have given us much of the recent very rapid advance in the 
science of genetics. The insects have presented social organizations since at least 
the Eocine. Johannsen and Butts have forcefully called attention to the riches 
in our science.—C. H. K. 


LIFE-HISTORY OF THE DRAGONFLY, ERYTHEMIS 
SIMPLICICOLLIS (SAY)! 


GEoRGE H. Bick 


Department of Zoology, Tulane University, New Orleans, La. 


Calvert (1929) states that within the Order Odonata 13 
complete life-history studies have been reported. Since that 
time Krull (1929) reared Sympetrum vicinum from egg to adult 
but with special reference to rearing technique rather than to 
morphological changes, and partial life-history studies by 
Nevin (1930), Kennedy (1936), and Martin (1939) have 
appeared. Further investigation of morphological changes 
occurring in development based on specimens reared from egg 
to adult seems necessary to place our knowledge of the group 
on a more accurate basis. For this investigation the ubiquitous 
‘‘oreen jacket”’ Erythemts simplicicollis was selected for detailed 
life history study. 

Butler (1904) figured the median and lateral lobes of the 
nymph but did not give the instar. Wilson (1917) figured and 
described the egg and first instar and figured several adult and 
nymphal parts without stating the instars of the latter. In 
regard to Wilson’s figure 13, Needham (1921) states ‘‘the cleft 
middle lobe shown in the labium of E. simplicicollis is surely an 
artifact or an error.’”” Needham (1929) drew the entire nymph, 
the head and abdominal appendages of the first two instars. 
The fully mature nymphal head was drawn by Lew (1933). 
Detailed descriptions of later instar nymphs are given by 
Needham (1901), Calvert (1927), Garman (1927), and Byers 
(1930). 


MATERIAL AND METHOD 


The data to be presented were derived from observations on seasonal 
distribution and period of egg laying and from rearing nymphs from 
eggs; one individual, a male, surviving to the adult stage. 

On June 8, 1937, a pair was captured in tandem at the Audubon 
Park Lagoon in New Orleans and taken to the laboratory where approxi- 
mately 30 eggs were laid in a finger bowl. These were rather light 
yellow when first laid but soon became dark brown. They appeared 
as elongated ellipses, .69 mm. x .26 mm., with a conspicuous peduncle 
at one end. (Fig. 1.) The finger bowl was placed under a bell jar 
above which a desk lamp was kept burning throughout the incubation 
period. The eggs were examined daily for the appearance of first 
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instar nymphs but the pronymphal stage was not observed. Hatching 
began on June 18th and continued until the 24th as shown in Table I. 

Eleven first instar nymphs were obtained and reared through 
various stages. The number of exuviae available for study of the 
successive instars was: 


Ist .1l = (5th . 8 8th _— ———e 
2nd 10 6th 8 9th 5 12tl .8 
3rd -®) °Fth 7 10th 5 13th <3 
4th . 8 


As soon as the newly hatched nymphs were noted, each was removed 
to an individual watch glass where they were kept until July 21 when 
the seven survivors were transferred to finger bowls (9.5 cm. diam., 
8.5cm. deep). On August 17 the three remaining nymphs were removed 
to larger quarters (13.5 cm. diam., 8.5 cm. deep). The nymph which 





wa 


Pigs. 1-3. Fig. 1, egg, X 60; fig. 2, dorsal view of first instar head, X 83; fig. 3, 
dorsal view of abdominal appendages in first instar, X 325. 


completed its cycle was kept here until emergence on October 9. All 
containers were examined at least once daily for the occurrence of 
exuviae. One or more of the following plants were present in the 
containers at various times: the water fern (Azolla caroliniana), the 
lesser duckweed (Lemna sp.), the greater duckweed (Spirodela polyrhiza), 
the bladderwort ( Utricularia sp.) and various algae. Fresh water was 
added from time to time, but a complete change occurred only when 
the nymphs were transferred to new quarters. 

Soon after hatching, liquid material from a Protozoan culture 
was added. Many small fresh water organisms, especially various 
microcrustaceans, were present in the lagoon water which was always 
used. Mosquito larvae were available for the greater part of the 
study, two or three usually being added every second or third day. 
Since living organisms were generally present at the time of feeding, 
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it is felt that no molts were significantly retarded by scarcity of food. 
The nymphs were quite active in all stages, and it was very seldom that 
they killed their prey without eating it. Records kept on several 
individuals of unknown age indicate that Gammarus, Mayfly nymphs, 
Culicine larvae, and smaller specimens of Erythemis were consumed 
with seemingly equal avidity. 

For about a week before emergence mosquito larvae which were 
supplied in abundance were seized and consumed with haste as always; 
however, the abundant supply of larvae added the day before trans- 
formation appeared to have been untouched. During the last four or 
five days the nymph tended to crawl upon a wire screen in the con- 
tainer but with no marked tenacity and was still rather active two days 
before emergence. At eight A. M. of October 9 transformation had 
begun. 

In addition to the exuviae of the individual reared from the egg 
four ultimate exuviae from specimens reared through the last instar 
only were available. Two nymphs in the last instar when collected 
and which had obviously died while attempting to transform were also 
studied. 

Descriptions and measurements were obtained from unmounted 
exuviae in alcohol and from prepared slides. Measurements were 
made from the dorsal view and are in millimeters. 


SEASONAL DISTRIBUTION 


Williamson’s (1917) earliest and latest dates for the adults in Indiana 
are May 21 and October 10. Kennedy (1928) shows that its flying 
season in Indiana ranges from the latter third of May to the middle of 
August, the height of the season being the end of June. Hagen (1874) 
records a teneral male from Georgia collected on April 25. According 
to Wright (1937) “It appears (in the Central Gulf Coast Region) in 
early April and disappeared in October, when the weather was mild, and 
somewhat earlier when there were cold snaps.”’ Byers (1930) states 
that in Florida the adults emerge late in March. Davis and Fluno 
(1938) find E£. simplicicollis abundant at Winter Park, Florida, from 
March to October. 

In this study, the earliest dates when the adult was noted were: 
March 4, 1937, and April 11, 19388. The latest date for their occurrence 
was November 2, 1937. The earliest oviposition observed was on 
April 10, the latest on September 24 and apparently it was continuous 
between these dates. Asa result of this long egg laying period, nymphs 
of very different instars were noted in numerous collections. 


DURATION OF INSTARS 


The dates of hatching, the times when the various exuviae were 
found, and the average interval between molts are listed in Table I. 
It will be seen that: (1) the incubation period varied from 10 to 16 days; 
(2) there was little correlation among the various individuals as to 
duration of instars; (3) there was an irregular decrease in the average 
interval between molts from the first to fourth and an irregular increase 
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in later stages; (4) the total nymphal period, exclusive of incubation 
was 113 days (16.1) weeks; (5) 40 days or 35 per cent of the total nymphal 
period was spent in the last or 13th instar. 


CONSTANT CHARACTERISTICS 
The following features were present in all instars: 

HEAD: 
Slightly convex at anterior margin. 
Almost straight or slightly concave at posterior margin. 
Lateral margins posterior to compound eyes sloping medially at 
an angle of about 30 degrees. 

LABIUM: 


1. Movable hook roughly 24 length of outer lateral setae. 

2. Distal margin of lateral lobe very finely crenulate or almost 
straight. 
Medial margin of lateral lobe with distinct proximal notch; 
otherwise entire. 

THORAX: 
1. Divided setae on or near tip of each tibia. 
2. Divided setae entirely absent from second and third tarsi. 


ABDOMEN: 
1. Widest at seventh segment then abruptly narrowed. 
2. First three segments viewed from above considerably shorter 
than others. 


Long hairs at postero-dorsal margins of all segments; these more 
numerous and extending further laterally on the more posterior 
segments. 


ABDOMINAL APPENDAGES: 
1. Superior—sharp tipped, spiny. 
2. Inferior—sharp tipped, spiny, decurved, excurrent. 
3. Lateral—less than half length of inferiors, excurrent. 


SUMMARY OF NYMPHAL CHANGES 


The more salient changes are summarized in Table II. In addition 
the following are worthy of special note: 


HEAD: 


1. Head width/head length increases irregularly as shown in 
Table IIIa from 1.26 in the first instar to 1.79 in the third and 
then for the most part approximates 2 until the 13th instar when 
it becomes 1.7. See Fig. 2. 
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TABLE II 


SUMMARY OF NYMPHAL CHANGES 











| 
| | Lateral 
Instar ey — | Lateral* Mental* | Wing | — 
ments | ments | Ct | Setae Buds | Append- 
ages 
1 3 1 | 1 0 X | a 
2 3 1 1 1 Xx a 
3 4 l 2 3 a X 
4 4 2 3,4 4 X X 
5 4 2 | « 5, 6 = he 
6 5 3 4 6 | xX X 
7 5 3 4 7 R R 
8 6 3 5 | 9 I I 
9 7 3 5 9, 10 I I 
10 7 3 6 11 I I 
11 7 3 7,9 12 I I 
12 7 | 3 8 14 I I 
13 7 3 8 16 I I 
*See Table V for variation in number of setae. The most usual numbers 





are given here. 
X—Absent. 
R—Rudimentary. 
I—Increasing. 


TABLE IIIa 


MEASUREMENTS IN MILLIMETERS OF NyMPH H 














Total | Head | Head |Head W/Head W | Abd. W 
Instar | Length| Length] Width | Head L| Eve W | Abd. L Abd. Wi ba. L 
1 14 | 23 | 2 1.26 | 6 | .58 .23 | 2.52 
2 1.22 .26 46 | 1.73 | 6 70 | .82 | 2.19 
3 1.51 .29 52 1.79 | 5 | .87 | .41 2.12 
4 183 | .35 70 | 2.00 | 41 | 1.04 58 | 1.79 
5 2.20 | .44 87 | 1.98 | 41 1.28 84 | 1.52 
6.. 2.90 53 | 1.22 | 2.30 | 4 | 1.86 | 1.10 | 1.69 
x 3.89 75 148 | 197 | 38 | 2.383 | 1.45 1.61 
8 5.02 90 | 1.86 | 2.07 | 33 | 2.90 | 2.03 | 1.48 
9 6.09 | 1.04 | 2.23 | 2.14 | 3.6 3.54 | 2.49 | 1.42 
10 7.89 138 | 378 | 2.17 | 3.4 4.58 3.19 1.42 
11 | 9.9 1.68 | 3.30 | 1.96 | 3.7 5.0 41 | 1.21 
12 11.83 | 2.03 | 409 | 2.01 | 3.5 6.32 | 4.64 | 1.36 
13 16.5 | 3.0 5.1 | 1.70 | 3.6 8.5 6.0 1.41 
| 
Ratio 1:13 | 1:15.8 | 1:13.0 | 1:17.5 | 1:14.6 | 1:26.0 
j | | 




















2. Head width/eye width decreases as shown in Table [Ila from 6 
in the first instar to 3.6 in the last. 

3. Two rows of three hairs each are present along the mid-dorsal 
line in the first instar. These become more numerous and are 
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concentrated posteriorly in instars two through 10, and firially a 
pattern of six setigerous stripes is formed in the last three instars. 
Small inconspicuous patches of spines appear at the ventro- 
lateral margin of head posterior to compound eyes in the fourth 
instar and become more numerous and larger in the later stages. 


TABLE IIIs 


GrowTH Rates or Nymepu H 
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TABLE IVa 


AVERAGE LENGTHS IN MILLIMETERS OF THE ANTENNAL SEGMENTS IN THE 
SUCCESSIVE EXUVIAE 








' | l ] l l 
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13 14 | 
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Antennal segments increase in number from three in the first 
instar to seven in the last as shown in Table II. Measurements 
given in Table IVa and Diagram I indicate that segment three 
gives rise by division to segments three and four when the 
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‘increase is from three to four, four to five, and six to seven, but 
that the increase from five to six results from a%division of the 


fifth or distal segment. 
12 


75 


1 2 3 4 5 , «& bh 
Diagram 1. Percent of total antennal length occupied by each segment in 13 
successive instars of E. simplicicollis. 


0 13 
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LABIUM: 
(Figs. 4-17) 
1. Lateral setae increase in number as shown in Table V? from one 
in the first instar to eight in the 13th. 


Figs. 4-7. Fig. 4, distal margin of mentum in 13 successive instars, X 33; figs. 5, 6 
and 7, left lateral lobe in the first three instars, X 200, X 230 and X240, 
respectively. 
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Figs. 8-14, left lateral lobe in instars four to ten. 
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Mental setae increase in number as shown in Table V? from none 
in the first instar to 16 in the 13th. 

Lateral margins of lateral lobes are slightly convex or almost 
straight in the first nine instars but become concave thereafter. 
Hairs at lateral margins of lateral lobes are absent in the first five 
instars but appear in the sixth and are present in all succeeding 
stages. 


Lt Lt 
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Figs. 15-17, left lateral lobe in instars eleven to thirteen. Magnification in 
order, X26, X15 and X13. 


5. Distal margins of lateral lobes are entirely without spines in the 
first instar, three rather long, evenly spaced spines appear in the 
second and thereafter increase in number to about 60 in the last 
instar. 

2From Table V the following conclusions may be drawn: (1) the number of 

lateral and mental setae varied from instar to instar, (2) was not constant for all 
individuals of the same instar, (3) variation occurred in the number of setae 
present on the right and left sides of the same individual, (4) variation in the 
number of lateral setae was less than in the mental setae. 
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Medial margins of lateral lobes are without spines in the first two 
instars. One or two are present at the juncture of the distal and 
medial margins in the next three instars, thereafter they extend 
more posteriorly and increase in number to about 40 in the 
last instar. 

A single small spine appears at the basal quarter of the lateral 
lobe in the sixth instar, the number increases thereafter until a 
patch of about 10 is present in instars 12 and 13. 

Distal margin of mentum is perfectly straight and without setae 
in the first instar. It becomes slightly elongate in the second 
instar and setae appear. Thereafter it becomes progressively 
more elongate and the setae increase in number to about 90 in 
the 13th instar. In instars 3-13 the two halves meet at the mid- 
line at an angle of about 90 degrees but the actual angle is nicely 
rounded and sweeps into broad curves laterally. 

A few inconspicuous hairs are present at the ventro-lateral 
margins of the mentum in the first three instars, small rather 
inconspicuous setae appear in the seventh instar and are present 
in all later stages becoming progressively longer and more 
numerous. 


TABLE IVs 


AVERAGE LENGTHS IN MILLIMETERS OF THE METATHORACIC TARSAL SEGMENTS 


Exuviae 
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IN THE SUCCESSIVE EXUVIAE 


| 
Number . ; | ef 
| Measured Seg. 1 Seg. 3 Seg. ¢ 
sai cnieiaailineaiiaiie iii 
| 1 | 25 | 
1 .28 
4 | .32 | | 
3 | 03 | 32 
| 3 | 08 | 38 
4 10 .19 .29 
3 13 28 | 387 
| 3 3 32 45 
2 | 19 | 32 | .O7 
.| 3 .23 54 .68 
3 27 72 91 
3 37 .93 1.16 
1 | 44 | 1.18 | 1.39 
| | 





THORAX: 
1. A double row of long hairs is present at the mid dorsal surface, a 


pair on each segment, in instars one through six; thereafter the 
hairs become more numerous, longer and irregularly placed. 

A setose ridge appears at the postero-dorsal margin of segment 
one in the eighth instar and becomes more elevated and the setae 
longer in later stages. 

Pronotal spiracles are present only in the 13th instar when they 
are highly elevated and conspicuous. 


1941] Bick: Life-History of E. simplicicollis 227 


4. A setose ridge appears on venter of mesothorax just posterior to 
the fore coxae in the sixth instar and is present in all later stages. 


TABLE V 


VARIATION IN LATERAL AND MENTAL SETAE 








|| ; 
Instar |Individual| Lateral | Mental || Instar |Individual| Lateral | Mental 


L|R 
9 | 8 
9 | 9 
9 | 9 
9 
9| 9 
‘ers 


.|R | R || 


DD 


o 


em Oro Ort 
o_ 


cron or? 





9} 10 
10 | 9 
10 | 11 
11| 9 
11 | 11 
11} 11 
11 | 11 
12 | 11 
11} ll 


| 
| 

Crororor 

Crororgor 


coc | mronnn 
~ | non: 
| 


“1D OS | 
Sr or org or 


| 


12 | 12 
12 | 12 
13 | 13 
13 | 12 


“Is10 J 





14 | 14 
14 | 14 


00 G0 | 
| coco | costco | cnenc 





16 | 16 


15 | 15 
15 | 14 


13 | 12 
13 
13 | 14 
13 | 14 
14 | 14 
14 | 14 


pp P| PPP! P|! 
pr P| PPP! P|! 
| 





Jitimate 


4 
4 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 





Qo C0 S100 00 Co 00 



































*Dead 13th instar. 
fReared through last instar only. 
{Died in transformation, in last instar when collected. 


5. Meso and metathoracic wing buds appear as small (.14 mm.) 
rather knob like projections in the seventh instar. They increase 
in length to 5.3 mm. in the 13th when they extend to the sixth 
abdominal segment. Both are approximately equal in length 
throughout. They are without hairs or setae in instars seven and 
eight, a few setae appear at the margins in the ninth instar and 
become longer and more numerous in later stages. 
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6. Tarsal segments increase in number from one to three as shown 
in Table II. The increase in length of the segments of the meta- 
thoracic tarsus is displayed in Table IVb. These measurements 
indicate that the single segment divides to produce segments 
one and two and that the second segment divides to form seg- 
ments two and three. 

7. Divided setae appear on fore tarsus in the third instar and are 
present (on the first, the second, or the second and third segments 
depending upon the stage of development which the tarsus has 
reached) in all later stages except the 13th when they are entirely 
absent. 


ABDOMEN: 

1. Abdomen length/width as shown in Table IIIa is slightly greater 
than 2 in the first three instars and decreases irregularly thereafter 
to 1.41 in the 13th instar. 

2. Ventral abdominal brush of long hairs at apical portion of seg- 

ment nine is first evident in the seventh instar and becomes 

longer and more conspicuous in later stages. 

3. Rudimentary lateral spines are present on segment nine in 
instars five through 13, and remain extremely small throughout. 

4. Superior abdomirial appendages are not clearly decurved until 
the 13th instar. 

5. Lateral abdominal appendages appear in the seventh instar when 
they are small (.04 mm.), rather blunt tipped and not decurved. 
They increase in length to .78 mm. in the 13th and become 
pointed after the ninth instar but apparently are not decurved 


» 


until the 12th. See Fig. 3. 


GROWTH RATES 


Table IIIa gives measurements for the nymph which reached the 
adult stage. From this table the Brooks, Przibiam growth rates were 
determined for the parts measured and are given in Table IIIb. The 
results are in accordance with Calvert’s (1929) findings for Anac junius, 
and justify the repetition of two of his three conclusions, viz., the 
growth rates: ‘‘(1) vary from instar to instar, (2) are different for dif- 
ferent parts of the same instar.” In no case did the growth rates show a 
continuous increase or decrease. The ratio between initial and maximum 
total lengths, 1: 15.8, for the nymph which reached the adult stage as 
shown in Table IIIa agrees with that required by the ratio of Brooks, 
Prizibiam, 1:15.99=1/1.26". The ratios for other parts, however, 
showed no marked agreement with that required by the theoretical 
ratio. Calvert (1934) has discussed these ratios with special reference 
to the Odonata. 


DISCUSSION 
Because only one individual reached the adult stage possible 


variation in the total number of instars could not be determined. 
Table V shows what may be a significant contrast between the 
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number of mental setae in the 13th instar exuvia of the individ- 
ual reared from egg to adult i. e. 16 and in other ultimate 


exuviae reared through the last stage only, i. e., 12, 13, and 14. 


The correspondence in the number of mental setae in the latter 
to those for the 11th and 12th instars of the reared material 
may represent normal variation but suggests a possibility that 


some may transform before the 13th instar. In this connection 
Calvert (1929) presented evidence illustrating variability in 
the number of instars of the same species of insect leading to 
the conclusion that molts are not absolute indicators of 
biological age. 

None of the following shown by Wilson (1917) for the first 
instar labium were observed: three setae (forming a double 
row) on either, side of the mid-line of the mentum, a cleft 
median lobe, two small setae at the disto-medial portion of the 
lateral lobe. The setae noted at the lateral margins of the 
mentum and lateral lobes were apparently much smaller as 
observed herein than as shown by Wilson. The head tubercles 
noted by Needham (1929) for the first and second instars were 
not observed. 


SUMMARY 


Data is given on the seasonal distribution and period of 
ovipositing for EL. simplicicollis in the area of New Orleans. 

A clutch of eggs laid on June 8 began hatching on the 18th 
and continued to do so until the 24th. From these, 11 first 
instar nymphs were obtained and reared through various stages 
one of which transformed on October 9th after 13 nymphal 
instars and a total nymphal period of 113 days. 

Characteristics constant for all instars are enumerated, 
nymphal changes summarized, and growth rates are discussed. 

The work was conducted under the direction of Professor E. S. Hathaway, 


Chairman of the Department of Zoology, Tulane University, to whom the author 
very gratefully acknowledges assistance in the preparation of this paper 
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CORRECTIONS (ERRORS AND OMISSIONS) 


On p. 772, vol. XX XIII, we deferred ‘‘Corrections” for 1940 to the March, 
1941, issue. 

Pages 437-447 of the article by A. Miller we list the following which escaped 
correction in the page proof. 

Page 439, line 11: for page 445, read 445 and 453. Page 441, line 26: for page 
473, read 461. Page 442, line 11: for page 473, read 463. Page 442, line 31: for 
second page 445, read 453. Page 444, line 22: for pyconic, read pycnotic. Page 452, 
line 9: for page 442, read 464. Page 454, line 10: for page 460, read 461. Page 456, 
line 38: for Caurausius, read Carausius. Page 461, line 25: for page 473, read 453. 
Page 462, line 1: for page 472, read 441. Page 462, line 12: for page 460, read 454. 
Page 463, line 18: for page 438, read 441. Page 463, line 36: for page 439, read 
439 and 441. Page 464, line 9: for page 431, read 439. Page 464, line 24: for page 
442, read 442 and 452. Page 464, line 40: for page 454, read 455. Page 466, line 20: 
for page 000, read 459. Page 466, line 42: for page 462, read 449. Page 467, line 31: 
for page 460, read 462. Page 467, line 33: for page 438, read 489. Page 470, line 
46 (Smith 1920): for Cordyalis, read Corydalis. 

Plate III, fig. 41: a line representing the outer limit of the serosal cuticle, under 


sc,’’ was inadvertently routed out by the engraver (cf. figs. 33, 36). 


NEW SPECIES OF CRANE-FLIES FROM SOUTH AMERICA 
PART IX.’ (TIPULIDAE, DIPTERA) 


CHARLES P. ALEXANDER, 
Massachusetts State College, 
Amherst, Massachusetts 


The majority of the species described in this report are 
preserved in the Natural History Museum, Vienna, from 
whence they were received for study through the appreciated 
interest of Dr. Hans Zerny. The remaining species are based 
on collections made in Chile by Bullock; in Bolivia by Steinbach; 
in Peru by Paprzycki and Woytkowski; and in Ecuador by 
F. Martin Brown. Except where stated to the contrary, the 
types of these latter are preserved in my personal collection 
through the generosity of the various collectors of the material. 


Ozodicera Westwood 
Ozodicera (Dihexaclonus) gracilirama sp. n. 


Size small (wing less than 15 mm.); antennae (male) with the 
branches of unusual length; general coloration of mesonotum brownish 
gray, with four poorly-delimited reddish brown stripes; posterior 
sclerites of notum and the pleura pruinose; fore and middle femora 
blackened, the bases obscure yellow; wings tinged with brown, the 
costal border darker; abdominal tergites reddish brown with a blackened 
lateral stripe, the subterminal segments blackened; male hypopygium 
with the dististyles arising from a common bulbous base, the outer 
heavily blackened, with a slender rostrum; phallosome blackened, the 
outer apical angles produced into incurved black spines. 

Male.—-Length, about 15-16 mm.; wing, 13-14 mm. 


Female.—Length, about 17 mm.; wing, 13 mm. 

Frontal prolongation of head elongate, exceeding the remainder of 
head, brown, darker above; nasus short and blunt; palpi black. 
Antennae with scape and pedicel yellow, flagellum and its branches 
black; flagellar branches of male unusually long, exceeding twice the 
length of the segment, each branch about one-half longer than the 
scape. Head brownish gray. 

Mesonotal praescutum with the ground color brownish gray, with 
four poorly delimited reddish brown stripes, the intermediate pair 
widely separated, especially behind, reaching the suture; posterior 
sclerites of notum brownish gray, the mediotergite more heavily 
pruinose. Pleura brown, the surface pruinose. Halteres dark brown. 
Legs with the coxae pale, sparsely pruinose; trochanters yellow; fore 


‘Contribution from the Entomological Laboratory, Massachusetts State 
College. 

The preceding part under this general title was published in the Annals of the 
Entomological Society of America, 30: 598-617, 1937. 
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| ddle femora brownish black, the bases narrowly obscure vellow: 
tibiae and tarsi black; posterior legs in male broken; in female, both 
ora and tibiae obscure vellow, the tips rather narrowly darkened 
Wings with a strong brown tinge, the prearcular and costal borders, 
th the stigma, darker brown: veins vellowish brown to light brown. 


Venation: Cell M, broadly sessile. 


Abdominal tergites yellowish to reddish brown, with a blackened 
lateral stripe; sternites darker brown; subterminal segments blackened; 


hypopygium brown. Male hypopygium with the caudal margin of 
ingle produced into an incurved 
horn, the margin with a deep median notch. Basistyle elongate, the 
dististyli at apex, both arising from a common bulbous base, the 
blackened inner style produced into a very slender beak. Phallosome 
heavily blackened, appearing as a median plate, expanded outwardly, 
the outer apical angles produced into incurved black spines. 






tergite subtransverse, each lateral 


Habitat: Bolivia. J/olotype, #, Santa Cruz (J. Steinbach). 
Allotopotype, 2. Paratopotype, &. 

Ozodicera (Dihexaclonus) gracilirama is readily told from 
the other described species of small size by the unusual length 
of the flagellar branches in the male. In the female that has 
been assigned to this species, the flagellar branches are short, 
much as in other species of the genus, and it is possible that the 
association with the male is incorrect. 


Tanypremna Osten Sacken 
Tanypremna (Tanypremna) kadeni sp. n. 


Thorax with two narrow, dark brown, oblique stripes, one to the 
fore coxae, the other to above the mid-coxae; mesonotal praescutum 
with dark areas on cephalic and posterior medial portions; femora 
obscure yellow, the tips narrowly blackened; tibiae yellowish brown, 
the tips narrowly dark brown; tarsi brownish black; wings yellow, cell 
Sc uniformly darkened; a conspicuous brown cloud on anterior cord; 
veins beyond cord conspicuously seamed with brown; veins Sc, free 
tip of Sco and Rj42 all relatively distant from one another at margin; 
Ro,3 about one-half longer than Rs, cell M, petiolate; cell /st Me long, 
its length slightly less than twice the greatest width; abdominal tergites 
variegated dark brown and reddish brown. 

Female.—Length, about 26 mm.; wing, 19.5 mm. 

Frontal prolongation of head obs ure vellow above, darkened 


laterally; palpi brownish black. Frontal prolongation meeting remainder 
d > 2 








of front at an angle, forming a groove. Antennae with scape and pedicel 
yellow, flagellum broken. Head yellow with a broad brown crossband 
on vertex from eye to eye. 

Mesonotal pra scutum yellow, variegated with dark brown, 
including the anterior median portion and a posterior spot at the 


suture, the former continued ventrad to the fore coxae; a conspicuous 


lateral spot on praescutum before suture, crossing pleural membrane 
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and continued ventrad across the posterior mesepisternum, almost 
reaching the mid-coxae; scutal lobes weakly darkened, the median 
area pale; scutellum obscure yellow; mediotergite and pleurotergite 
weakly darkened. Pleura yellow, with two narrow, obliquely trans- 
verse stripes, as described above. Halteres relatively long and slender, 
brown, the base of stem yellow. Legs with the bases of fore coxae 
blackened, remaining coxae yellow; trochanters yellow; femora obscure 
yellow, the tips narrowly blackened; tibiae yellowish brown, the tips 
narrowly dark brown; tarsi brown basally, brownish black outwardly. 
Wings yellowish, cell Sc uniformly darkened; stigma yellowish brown, 
connected with a conspicuous brown cloud on anterior cord; veins 
beyond cord conspicuously seamed with brown; veins brown. Venation: 
Sc, free tip of Sco and Ri. all relatively distant from one another at 
margin, the latter two a little more separated than the former pair, the 
distance exceeding vein Rjii2 alone; Rs strongly arcuated to feebly 
angulated near outer end; R2,3 strongly arcuated at origin, about one- 
half longer than Rs; cell M, a little longer than its petiole, the latter 
one-half longer than m; cell 1st Mz long, its length slightly less than 
twice the greatest width. 

Abdominal tergites with basal ring brown, sparsely pruinose, the 
wider posterior ring darker brown, variegated before suture with deep 
reddish brown; sternites more uniformly pale; valves of ovipositor long 
and slender, brownish black. 


Habitat: Venezuela. Jlolotype, 92, collected by Kaden, 
August, 1857; Vienna Museum, Alte Sammlung. 


Tanypremna (Tanypremna) kadeni is named in honor of the 
collector, Carl Gotthelf Kaden. It is quite different from the 
other species of the subgenus having darkened tarsi, including 
T. (T.) carbonipes Alexander, 7. (T7.) fuscitarsis Alexander, 
T. (T.) hodget Alexander, and 7. (T.) invaripes Alexander, in 
the pattern of the thorax and wings, and in the venation, as the 
widely separated veins of the anterior radial field and the long 
cell Ist Mz. 


Tanypremna (Tanypremna) ornatipes sp. n. 


General coloration orange-yellow; antennae yellow, the outer 
segments a trifle darker; halteres relatively short, brownish yellow, the 
knobs clear yellow; tibiae yellow, passing into brown at mid-length, 
the tips black, preceded by a wider whitish yellow ring; wings fulvous 
brown, the prearcular region and costal border more intensely fulvous; 
a restricted dark pattern, including a cloud, on anterior cord; weak 
spurs of veinlets on vein M, jutting into cell M; cell M, long-petiolate. 

Sex? —-Wing, 19 mm. 

Frontal prolongation of head very short, sloping steeply and directly 
down from the vertical tubercle so there is no notch or indentation 
before the antennae; nasus short and stout, subtended by golden setae; 
palpi short, pale brown; terminal segment only a trifle longer than the 
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penultimate. Antennae yellow, the outer flagellar segments a trifle 
darker; basal six flagellar segments short and crowded, with short 
verticils; outer segments elongate, with the sutures poorly delimited, 
provided with very long coarse verticils that exceed the segments in 
length; terminal segment very long, weakly binodose. Head fulvous 
yellow, the posterior vertex and occiput deeper fulvous orange; vertical 
tubercle entire. 

Pronotum fulvous orange. Mesonotal praescutum pale brown, the 
disk almost covered by four more orange stripes; pseudosutural foveae 
appearing as small paired black impressions that are narrowly separated; 
scutal lobes orange yellow, the median area darker; scutellum infuscated, 
the parascutella a trifle paler; mediotergite weakly darkened on anterior 
half, the posterior half yellow. Pleura yellow, vaguely more darkened 
on dorsal sternopleurite. Halteres relatively short, brownish yellow, 
the knobs clear yellow. Legs with the coxae and trochanters orange- 
yellow; a single leg (fore) remains; femora yellow, the tips narrowly 
(outer tenth) blackened; tibiae yellow on basal third, passing into 
brown on less than central third; tip (about 2 mm.) blackened, preceded 
by a still wider (nearly 4 mm.) whitish yellow ring; tarsi black, the 
proximal end of basitarsi obscure yellow. Wings with a strong fulvous 
brown suffusion, the prearcular region and cells C and Sc even more 
intense; stigma weakly and diffusely darker, connected with a small 
darker brown cloud on anterior cord; narrow brown seams on outer end 
of cell /st Mz and on m-cu; three small dusky clouds on two or three 
short spurs of veins from vein M jutting into cell M; a linear whitish 
streak near outer end of cell M; veins beyond cord and the outer end 
of vein 2nd A weakly seamed with dusky; veins orange-fulvous. Vena- 
tion: Veins Sc, free tip of Sce and R42 all narrowly and about equally 
separated on costal margin; R; beyond free tip of Sc, weak and shorter 
than R» alone, the latter perpendicular; basal section of Ry,; exceeding 
one-half the nearly straight Rs; rudimentary spurs of veinlets on vein M, 
as above described; cell M, petiolate, the petiole nearly equal in length 
to m; m-cu uniting with M3,, just before fork, subequal in length to 
M; +4 

Abdomen broken. 


Habitat: Brazil. Jlolotype, Sex?; Vienna Museum, Alte 
Sammlung. 

The most similar species is ZTanypremna (Tanypremna 
porteriana Alexander, of southern Brazil, which differs con- 
spicuously in the pattern of the body, legs and wings, and in 
the venation. The present fly is similarly not unlike Zany- 
premna (Aldrovandia) gesneri (Enderlein), differing most notably 
in the long-petiolate cell M;. It is evident that the subgenus 
Aldrovandia Enderlein is founded on very weak characters, the 
strongest being the broadly sessile cell M,. The spurs of 
veinlets on vein M are likewise found in the very different 
Tanypremna (Pehlkea) regina Alexander of Colombia. 
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Tanypremna (Tanypremna) horrida sp. n. 


Allied to opilio; mesonotum dark brown with a paler central vitta; 
pleura with a broad black transverse girdle; femora uniformly black; 
tibiae black, with a conspicuous white basal ring occupying about the 
basal tenth; tarsi uniformly white; wings cream-yellow, extensively 
clouded and patterned with brown, the stigma and an area on anterior 
cord darker brown; basal section of Ry,; obliterated or very reduced; 
male hypopygium with the inner dististyle complex, the margin before 
the apical beak produced into a slender darkened arm. 

Male.—Length, about 25-28 mm.; wing, 18-19 mm. 

Frontal prolongation of head yellow; nasus broad and long, black- 
ened; palpi black. Antennae with the basal segments yellow, the 
outer segments passing into brown. Head light yellow in front, darker 
on vertex, especially as lines paralleling the posterior orbits. 

Pronotum and propleura very narrowly dark brown. Mesonotum 
chiefly dark brown, the praescutum and scutum with a paler central 
vitta; lateral borders of praescutum obscure yellow, opposite the 
anterior ends of the lateral stripes with a conspicuous black area that 
extends entirely across the posterior mesepisternum as a very con- 
spicuous transverse girdle; posterior sclerites of notum dark brown, a 
trifle paler in central portion. Pleura, except as described above, light 
yellow, the pleurotergite darkened. Halteres elongate, stem pale 
brown, the base yellow, the knob dark brown. Legs with the coxae 
pale brown or brownish yellow, the cephalic faces of fore and middle 
coxae black; trochanters obscure yellow; femora black; tibiae black, 
with a relatively narrow but conspicuous white basal ring that occupies 
about one-tenth of the total length of the segment; tarsi uniformly 
white. Wings with the ground cream-colored, extensively clouded with 
pale brown areas, including a major one beyond midlength of cells 
R and M, with additional broad seams to many of the longitudinal 
veins; stigma and a major area on anterior cord darker brown; veins 
brown. Venation: Basal section of R,,; obliterated or punctiform, 
with r-m connecting directly with Rs at the fork or immediately beyond 
on R445; petiole of cell M, from one and one-half to twice m. 

Abdomen elongate; tergites dark brown; sternites obscure yellow, 
with the caudal borders of the segments slightly darker; eighth segment 
more uniformly blackened; hypopygium yellow. Male hypopygium 
with the tergite conspicuous, the caudal margin with a broad V-shaped 
notch, the lateral lobes broad and with glabrous edges. Extreme 
apex of basistyle produced into a small spinous point. Outer dististyle 
relatively broad, truncated at apex. Inner dististyle complex, the 
margin before the apical beak produced into a slender darkened arm 
that is weakly expanded and bilobed at apex, the surface microscopically 
roughened. 


Habitat: Peru. Jlolotype, &, Satipo, Junin, March 8 
1939 (P. Paprzycki). Paratopotype, &. 

Tanypremna (Tanypremna) horrida is quite distinct from its 
nearest ally, the genotype, 7. (7.) opilio Osten Sacken, of 
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Middle and northern South America. It differs especially in 
the patterned wings, venation, as the reduced or obliterated 
basal section of Ri,5, and especially in the structure of the male 
hypopygium. By my key to the species of Tanypremna 
(Journ. N. Y. Ent. Soc., 22: 207-208, 1914), the fly runs directly 
to opilio. 


Tanypremna (Tanypremnodes) subapicalis sp. n. 


General coloration of mesothorax black, the praescutum with four 
more brownish to reddish brown stripes; head variegated orange and 
black; tibiae brown, the tips conspicuously black, preceded by a broad 
white ring; wings brownish, the base and cell C more yellow; stigma 
and an extensive cloud on anterior cord dark brown; vein R42 preserved 
but very short, at margin contiguous with the free tip of Sc, forming 
a tiny triangular cell Sco; m-cu with a spur at near midlength; abdominal 
tergites dark brown, the basal segments with an incomplete light gray 
ring on basal portion. 

Female.—Length, about 25 mm.; wing, 14.5 mm. 

Frontal prolongation of head obscure orange; palpi brown. Antennae 
13-segmented ; scape and pedicel brown; basal flagellar segments obscure 
yellow, the pectinations dark brown; outer flagellar segments a little 
darker yellow; flagellar segments one to six each with a conspicuous 
branch, on segments two to five exceeding one-half the length of the 
segment, on the sixth segment very reduced; pectinate segments with 
inconspicuous verticils, the simple outer segments with long con- 
spicuous setae that exceed the segments in length. Head with the 
broad anterior vertex obscure orange, the vertical tubercle bifid; 
posterior vertex black with a conspicuous orange area on either side 
paralleling the posterior orbits. 

Pronotum black. Mesonotal praescutum with the ground color 
grayish black, with four more brownish stripes, the intermediate pair 
brightened to reddish brown, separated by a capillary black line; 
posterior sclerites of notum brownish black. Pleura almost uniformly 
dark brown, vaguely marked with paler. MHalteres relatively short, 
black, the base of stem obscure yellow. Legs with the coxae black; 
trochanters brownish black; femora black, the bases restrictedly obscure 
yellow; tibiae brown, the tips broadly blackened, preceded by a very 
broad white ring, on the posterior tibiae involving approximately one- 
fourth the length of the segment, narrower on the other tibiae; basitarsi 
black, the proximal ends brown; outer tarsal segments black; claws 
(female) smal], simple. Wings with a strong brown tinge, the prearcular 
region and costal cell more yellow; cell Sc dark brown; stigma and a 
large confluent area on anterior cord dark brown; veins beyond cord 
more or less seamed with brown, especially vein Cuz; veins brown, the 
outer ends of anal veins paler. Venation: Sc; preserved; Rs relatively 
short, nearly straight, a little longer than the arcuated basal section of 
R45; Re unusually long, Ri,2 preserved, almost erect and contiguous to 
confluent at margin with Sco, forming a tiny cell Sco at outer end of 
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stigma; m-cu with a spur at near midlength, jutting basad into cell M. 

Abdomen relatively long; tergites dark brown, segments two to 
five each with a glabrous whitish gray triangle on either side in the 
position of the usual basal ring, the points of the triangle directed mesad 
but not meeting at the midline; extreme caudal borders of tergites pale; 
basal sternites paler brown, the outer segments darker. 


Habitat: Brazil. Jlolotype, 92, Blumenau, Santa Cath- 
arina (Loth. Hetschko); Vienna Museum. 


Tanypremna (Tanypremnodes) subapicalis is very different 
from the only other species in the subgenus, 7. (T.) leucoplaca 
Alexander, of Para, Brazil. The subapical position of the 
white tibial rings and the retention of vein R,,2 furnish strong 
characters for the definition of the species. Recent keys to the 
subgenera of Tanypremna (Alexander, Rev. Chilena Hist. Nat. 
40: 298-305, 1936. Ann. Mag. Nat. Hist (10) 20: 484-485; 
1937) stress the loss of vein Rj. in the subgenotype. The 
primary subgeneric characters evidently lie in the pectinate 
nature of the antennae rather than in the venation. 


Brachypremna Osten Sacken 


Brachypremna diversipes sp. n. 


General coloration of mesonotum dark brown, the cephalic and 
lateral portions of the praescutum paling to buffy gray; all pairs of legs 
differing markedly in color, the tips of all femora broadly white; fore 
femora yellow with a broad black ring at near two-thirds the length; 
middle femora almost entirely black; posterior femora yellow with a 
very narrow brown subterminal ring; posterior tibiae without dark 
rings, the fore and middle pair each with a broad black subbasal annulus; 
all tarsi yellowish white; wings strongly suffused with brown, sparsely 
patterned with darker brown; abdominal tergites dark brown, sternites 
yellow, with median dark brown dashes. 


Male.—Length, about 16-20 mm.; wing, 20-28 mm. 


Female.—Length, about 18-20 mm.; wing, 20-21 mm. 

Frontal prolongation of head brownish black; palpi variegated; 
basal segment uniformly black; segments two and three brownish black 
on basal half, the distal portion yellowish white; terminal segment 
black, a trifle paler outwardly. Antennae short; scape light brown; 
pedicel white; first flagellar segment white, narrowly darkened at 
base; succeeding segments white, the outer three or four segments 
brownish black. Head brown, the setigerous punctures darker; anterior 
vertex narrow, about one-half greater than the diameter of scape. 

Pronotum buffy above, variegated with two darker spots, dark 
brown on sides. Mesonotal praescutum chiefly dark brown, with 
poorly defined darker stripes, the cephalic and lateral portions of the 
sclerite broadly buffy-gray; posterior sclerites of notum dark brown, 
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the mediotergite with two yellowish areas on caudal portion. Pleura 
gray, sparsely variegated with brown spots. Halteres brownish black, 
the base of stem narrowly pale yellow. Legs with the coxae light 
gray; trochanters pale yellow; all pairs of legs differing from one another 
in color; fore femora yellow, at near two-thirds the length with a broad 
black ring, the tips abruptly white; fore tibiae pale yellow with a broad 
black subbasal ring on proximal half, this including about two-fifths 
the total length of the segment; tarsi uniformly yellowish white; middle 
femora chiefly black, the bases narrowly paler, the tips abruptly white 
mid-tibiae pale yellow with a broad black subbasal ring on proximé i 
half, about equal in degree to the fore tibiae; mid-tarsi uniformly 
yellowish white; hind femora yellow with a very narrow brown ring 
before the wider white tip, the latter equal in amount to that of other 
femora; posterior tibiae and tarsi uniformly yellowish white, unmarked. 
Wings with a strong brown tinge, weakly patterned with darker brown, 
including the prearcular and costal fields; stigma obscure yellow, ringed 
with brown; certain of the veins margined with brown, the most con- 
spicuous being Cu and the tips of veins Ry,; and M, at wing-apex, the 
two latter alternating with clearer yellow spots in outer ends of cells; 
veins brown. Venation: r-m present or obliterated by punctiform 
fusion of veins Ry; and M,,: 

Abdominal tergites dark booms, the extreme basal rings paler, the 
lateral portions of the proximal segments light nee ; sternites gray with 
the usual linear dark brown median dashes. 


Habitat: Peru. J/olotype, &@, Satipo, Junin, August 19, 
1939 (P. Paprzycki). Allotopotype, 92, August 12, 1939. 
Paratopotypes, several 7, March 6, 1939, to August 19, 1939. 

Brachypremna diversipes is entirely distinct from all other 
species of the genus so far described. The nature of the leg- 
pattern, especially the almost unvariegated hind legs, furnishes 
the most readily detected specific characters. 


Tipula Linnaeus 


Tipula (Neotipula) paprzyckii sp. n 


General coloration of thorax reddish yellow, the praescutum with 
four narrow brownish gray stripes that are conspicuously bordered by 
brownish black; mediotergite light gray, bordered laterally and 
posteriorly by brown; pleura yellow; flagellar segments slightly produced 
on ventral face before outer end; femora yellow, the tips conspicuously 
blackened; wings pale brown, conspicuously variegated with darker 
brown and large cream-colored areas; a conspicuous dark brown spot 
at point of union of m-cu and Cm, the latter very constricted ; abdominal 
tergites light brown, restrictedly patterned with darker. 

Female.—Length, about 42 mm.; wing, 35 mm. 

Frontal prolongation of head dark brown, elongate; nasus long 
and slender; palpi black throughout. Antennae short; basal segments 
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yellowish brown, the outer flagellar segments uniformly brown; first 
flagellar segment elongate, second about two-thirds the length of the 
first; flagellar segments three to eight, inclusive, with the lower face 
destitute of setae, before apex slightly produced; outer three segments 
simple, the last elongate, subequal to the penultimate. Head brown, 
the anterior vertex even darker; no distinct vertical tubercle; anterior 
vertex narrow, less than twice the diameter of scape. 

Pronotum dark brown medially above, the remainder light yellow. 
Mesonotal praescutum with the ground color reddish yellow, with four 
narrow brownish gray stripes that are conspicuously bordered by 
brownish black; cephalic ends of intermediate stripes and the restricted 
humeral portions more brightened; scutum light brown, the posterior 
portion darker brown; scutellum a little paler; mediotergite chiefly 
light gray, bordered laterally and posteriorly by brown. Pleura and 
pleurotergite yellow, the dorsopleural region restrictedly darkened. 
Halteres with stem brown, the base and knob slightly brightened. 
Legs with the coxae yellow, the fore and middle pairs with a small 
dark spot on cephalic face near apex; trochanters yellow; femora yellow, 
the tips somewhat narrowly but very conspicuously blackened, the 
amount subequal on all legs; remainder of legs yellow, the tips of the 
tibiae narrowly and weakly darkened. Wings with the ground color 
pale brown, the prearcular and costal regions darker brown; major 
cream-colored areas in outer medial field; outer end of cell M, across 
outer two-thirds of cell Cu and in outer end of cell /s¢ A near vein 
2nd A; proximal end of stigma yellow, the distal and caudal portions 
brown; a conspicuous dark brown spot at union of m-cu and Cm; veins 
pale brown, darker in the clouded portions. Veins unusually glabrous. 
Venation: Rs arcuated, a little shorter than m-cu; R, shorter than 
Ris243; veins Rize and Rs; straight, cell R3; not constricted; cell Sce 
long, parallel-sided; cell 1st Mz long, m shorter than petiole of cell 
M;,; cell M, unusually wide at margin, the distance greater than the 
last section of Cm; base of cell 2nd A produced proximad of level of 
arculus. 

Abdominal tergites light brown, restrictedly patterned with darker; 
sternites somewhat more uniformly yellowish brown. Ovipositor 
with cerci relatively short but slender. 

Habitat: Peru. JJolotype, @, Satipo, Junin, May 2, 1939 
(P. Paprzycki). 

Tipula (Neotipula) paprzycku is named in honor of the 
collector, Mr. Pedro Paprzycki, who has collected numerous 
Tipulidae in the vicinity of Satipo. The fly is quite distinct 
from the two species of the subgenus hitherto defined, 7. (N.) 
maya Alexander and 7. (N.) pectinella Alexander, both of 
Central America. The wing-pattern of the present fly is 
distinctive. It is still uncertain in my mind as to whether 
Neotipula should be ranked as a valid genus rather than as a 
subgenus. 
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Tipula perlaticosta sp. n. 


General coloration plumbeous; antennae elongate, flagellum black, 
the apex of each intermediate segment narrowly pale; legs yellow, the 
terminal tarsal segments blackened; more than the distal third of 
posterior tibiae abruptly white; wings dimidiate, with approximately 
the cephalic half dark brown, the posterior portion grayish hyaline; 
abdominal tergites brown, the lateral borders blackened, the sub- 
terminal segments more uniformly darkened; basal sternites and 
hypopygium yellow. 

Male.—Length, about 16 mm.; wing, 14.5 mm.; antenna, about 
6 mm. 

Frontal prolongation of head relatively short and stout, obscure 
yellow; nasus long and conspicuous; palpi brown, the elongate terminal 
segment a little paler. Antennae elongate, as shown by the measure- 
ments, if bent backward extending to beyond the base of abdomen; 
basal three segments yellow, succeeding flagellar segments black, with 
the apex of each segment pale, the outer three or four segments uni- 
formly black; pedicel with a dense group of about a dozen setae on 
upper face; each flagellar segment beyond the first elongate, gently 
incised; verticils shorter than the segments; terminal segment reduced. 
Head buffy in front, the posterior portion grayish brown; anterior 
vertex broad, exceeding three times the diameter of scape; a capillary 
black median vitta on anterior vertex. 

Thorax almost uniformly plumbeous, the pteropleurite paler, more 
yellowish; mesonotal vestiture very short and reduced. Halteres 
infuscated throughout. Legs with the fore coxae yellow, middle and 
hind coxae plumbeous, the tips yellow; trochanters yellow; femora 
yellow, tibiae brownish yellow, the terminal tarsal segments black; 
posterior tibiae with more than the distal third (4.5 mm. out of 11.5 mm.) 
abruptly and conspicuously white; claws small, hairy. Wings with 
approximately the cephalic half dark brown, the posterior half grayish 
hyaline; the dark color includes the entire radial field excepting the 
very narrow outer posterior portion of cell R and an equal amount in 
cell R; above cell 1st M2; cephalic half of cell M,; basal two-thirds of 
cell M; extreme base of cell Cu, and the prearcular region; veins pale 
brown, darker in the clouded portions. Squama naked. Venation: 
Rs nearly twice m-cu; R» relatively long; Ri.2 entire; petiole of cell M, 
more than one-half longer than m; M3,, shorter than basal section of 
M42; cell 2nd A relatively wide. 

Abdominal tergites brown, the lateral borders blackened, the sub- 
terminal segments more uniformly darkened; basal sternites yellow; 
hypopygium light yellow, very small and of simple construction. 

Habitat: Brazil. Holotype, #; Vienna Museum, Alte 
Sammlung; type specimen bears a small green label ‘‘Km.”’ 

The nearest ally of the present fly among the previously 
described species is 77pula laticostata Alexander, of southern 
Brazil, which has the brown costal border of the wings much 
narrower, involving about the cephalic third, and lacks the 
white annulus on the posterior tibiae. 
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Tipula fiebrigi sp. n. 


the /aticostata group: general 


Belongs to g 


reddish brown, with three entire brown stri 

bicolored; legs obscure yellow, the tips of the tarsi dark brown; posterior 
tibiae without a white ring; wings with costal border broadly dark 
brown, the posterior portion grayish subhyaline; abdominal tergites 
reddish brown, the lateral borders conspicuously blackened; sternites 
orange-yellow, hypopygium yellow; male hypopygium with the caudal 
border of tergite convexly rounded, on either side on ventral surface 
with a small lobe that is set with blackened peg-like spines. 

Male.—-Length, about 14 mm.; wing, 14 mm.; antenna, about 6 mm. 

Frontal prolongation of head brownish yellow; nasus distinct; palpi 
yellow throughout. Antennae (male) relatively long, a little less than 
one-half the length of wing; basal three segments yellow, succeeding 
segments bicolored, the small basal enlargement brown, the remainder 
yellow, passing into yellowish brown on outer segments; segments 
feebly incised, with long verticils; terminal segment thimble-shaped. 
Head dark gray, the front more brownish yellow. 

Mesonotal praescutum glabrous, with the ground color reddish 
brown, with three entire brown stripes; scutum reddish brown, the 
centers of the lobes conspicuously darkened; scutellum and postnotum 
dark brownish gray. Pleura pale brownish yellow, the propleura, 
pteropleurite and meron clearer yellow. MHalteres with stem obscure 
yellow, knob dark brown. Legs with coxae testaceous yellow; tro- 
chanters yellow; remainder of legs obscure yellow, the terminal tarsal 
segments passing into dark brown; no whitening of posterior tibiae, as 
in perlaticosta. Wings with the costal border broadly dark brown, the 
darkening in cells R and M paling to gray, the centers of the outer 
radial cells similarly gray, the veins seamed with brown; posterior cells 
of wing light grayish subhyaline; the dark color includes all of cell R 
except the outer lower edge, basal half of M, all of R, excepting posterior 
edge of basal half, and the outer anterior portion of cell M,,; veins pale 
brown, darker in the clouded portions. A few stigmal trichia present. 
Venation: Rs angulated and short-spurred at origin; vein R; a little 
extended, cell R: at margin only a trifle wider than cell R3; r-m dis- 
tinctly preserved. Both wings of type show a weak spur of a vein from 
Mz; at or close to m. 

Abdominal tergites reddish brown, the lateral borders conspicuously 
blackened; sternites orange-yellow; hypopygium yellow. Male hypo- 
pygium with the caudal border of tergite convexly rounded, the ventral 
surface on either side bearing a small tubercle densely set with blackened 
peg-like spines. Basistyle with flattened, compressed, black lobe on 
mesal face. Outer dististyl elongate-flattened, the length about five 
times the greatest width. Inner dististyle small and compact, the beak 
trifid, with a fourth smaller spinous point lying more basad. Eighth 
sternite with margin convexly rounded, simple. 


Habitat: Paraguay. Jlolotype, &, San Bernardino 
Fiebrig); Vienna Museum. 

lipula fiebrigi is named in honor of the collector, Carl 
Fiebrig. It is allied to 7. Jaticostata Alexander and 7. per- 
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laticosta sp. n., both of Brazil, differing in the pattern of the 
wings and legs. In the former species, the brown costal border 
is more restricted while in the latter species the posterior tibiae 
are broadly ringed with white. 


Tipula pantherina sp. n. 


Belongs to the monilifera group; most closely allied to 7. armillatus 
Alexander (Colombia). 

Male.—Length, about 15 mm.; wing, 16.5 mm.; antenna, about 
13.5 mm. 

Antennae (male) elongate, only a little shorter than either the body 
or the wing; basal flagellar segments only weakly bicolored, brown, 
the basal knot black; outer segments more uniformly blackened. 

Capillary median praescutal vitta very narrow; lateral praescutal 
stripes evident; scutellum yellow, the parascutella darker; mediotergite 
yellow on central portion, broadly darkened sublaterally. Pleura 
and pleurotergite yellow. Fore femora yellow, with a subterminal 
dark ring; posterior femora with the actual tip infuscated; tibiae 
brownish yellow to pale brown, the tips very narrowly darkened. 
Wings with a contrasted brown and subhyaline pattern, as in monilifera 
and allies; pale spot in cell C beyond arculus scarcely evident. Vena- 
tion: Cell M, much deeper than in armillatus, nearly three times its 
petiole; cell M, deep, nearly parallel-sided, m-cu only about one-half 
the distal section of Cm. 

Abdominal tergites obscure yellow, narrowly lined laterally with 
dark brown, not or scarcely darkened medially; sternites clearer yellow, 
outer segments more darkened. Male hypopygium with the median 
area of tergite produced, the dorsal furrow narrow but well-defined; 
lateral lobes conspicuous, produced caudad to beyond the level of the 
median lobe. Outer dististyle expanded on a little more than its 
distal half, the expanded portion about three times as wide as the stem. 
Inner dististyle with the dorsal flange projecting at outer end into a 
lobe, forming an emargination between it and the outer lobe of the 
style; dorsal crest with a row of setae that become much stouter and 
flattened outwardly, most conspicuously so on the outer lobe of the 
flange. Eighth sternite with a median lobe that is about as long as 
broad at base, the apex somewhat narrowed but still obtuse, the surface 
clothed with long yellow setae that exceed the lobe in length. 


Habitat: Venezuela. JJolotype, #@, without further data; 
Vienna Museum, Alte Sammlung. 

I retain the manuscript name attached to the type 
specimen. 


Tipula unistriata sp. n. 


Belongs to the glaphyroptera group; mesonotum yellow, with a 
broad brown median stripe extending the entire length; femora yellow, 
with a pale brown subterminal ring; wings brown, the central half 
occupied by a broad yellow longitudinal stripe; a conspicuous dark 
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brown area at outer end of cell /s¢ M2; abdominal tergites yellow, with 
three brown stripes; male hypopygium with the caudal border of the 
eighth sternite bearing a depressed-flattened lobe that is about twice 
as long as wide, its tip obtusely rounded. 

Male.—Length, about 15 mm.; wing, 16.5 mm.; antenna, about 
4.5 mm. 

Frontal prolongation of head brownish yellow; nasus elongate; 
palpi brownish black. Antennae of moderate length, if bent backward 
extending approximately to wing-root; yellow, the bases of all flagellar 
segments beyond the first slightly darkened to produce a very weak 
bicolored appearance; flagellar segments only moderately incised; 
longest verticils subequal to the segments; terminal segment very small. 
Head buffy, the posterior vertex weakly infuscated, especially on sides; 
vertical tubercle very low. 

Mesonotum light yellow pollinose, the praescutum with a con- 
spicuous brown median and inconspicuous darkened lateral stripes, 
the latter scarcely differentiated from the ground; median vitta pale 
brown in front, darker behind and continued caudad as a broad median 
stripe to the abdomen; cephalic portion of median stripe on praescutum 
further divided by a capillary dark brown vitta. Pleura yellow, the 
cephalic portion of the mesepisternum brown, to form a transverse 
girdle, the color including the dorsopleural membrane and the cephalic 
portions of both anepisternum and sternopleurite; ventral pleurotergite 
darkened. Halteres pale. Legs with the coxae brownish yellow, the 
fore pair slightly lined with darker; trochanters yellow; femora yellow 
with a pale brown subterminal ring; tibiae and tarsi yellow, the outer 
tarsal segments black; claws (male) toothed. Wings with the central 
half chiefly occupied by a longitudinal yellowish area, the posterior 
border and cephalic radial field brown, giving the impression of a 
longitudinally striped wing; cells C and Sc less distinctly darkened; very 
small brown spots at arculus; one-third the length of cell R adjoining 
vein R; origin of Rs, and on the anterior cord; a conspicuous darker 
brown spot at outer end of cell /st M2 in the otherwise yellow ground 
area; major yellow areas in cells Cu, 1st A and 2nd A, subequal in area 
to the brown, the latter a little darker in base of cell Cu and as two 
streaks in outer end of cell M adjoining vein Cm; narrow pale marginal 
droplets in cells 2nd M2, M3, M, and two in I/st A; axillary border 
narrowly lined with brown; veins yellow, darker in the infuscated areas. 
Venation: Rs nearly twice m-cu; R142 entire, cell Re narrowed at base; 
petiole of cell M, a little exceeding m; M3,, a little longer than the 
basal section of Mi, .. 

Abdominal tergites yellow, with three brown stripes, the mid-dorsal 
one broad and diffuse, the caudal borders of segments pale; sternites 
more uniformly yellow; hypopygium chiefly yellow. Male hypopygium 
relatively large; caudal border of ninth tergite convex, the margin 
smooth, with a very tiny U-shaped median notch. Basistyle with a 
large hemispherical lobe on mesal face; ventral lobe small, pale, with 
about five very long terminal setae that greatly exceed the lobe in length. 
Outer dististyle long and pale, gradually widening outwardly into a 
club. Inner dististyle long and narrow, with a dorsal crest of long 
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pale setae and a lateral flange bearing a fringe of shorter bristles. Eighth 
sternite with caudal border produced into a depressed liguliform lobe, 
about twice as long as wide, the apex obtusely rounded, the surface 
except medially at base bearing abundant long pale setae. 

Habitat: Brazil. J/olotype, '; Vienna Museum, Alte 


Sammlung. 

The most similar species is 77pula scriptella Alexander, of 
northern Panama, which differs conspicuously in the patterns 
of the mesonotum and wings. 


Tipula riveti tolimensis subsp. n. 


Male—-Length, about 19 mm.; wing, 23 mm.; antenna, about 
13.5 mm. 

Closely resembling the typical form (from high altitudes in Ecuador) 
differing as follows: 

Size larger (Tipula riveti riveti Edwards—Length, 16 mm.; wing, 
21 mm.; antenna, 11 mm.). Antennal flagellum bicolored, the small 
basal enlargement black, the long cylindrical stems brown; thirteenth 
segment present but reduced to a thimble-like button; longest pubescence 
of segments a little shorter than the diameter of the segment; longest 
verticils considerably shorter than the segments. Legs with the narrow 
dark subapical ring preceded by a subequal clearer yellow annulus. 
Wings marbled, the pattern much as in the typical form but the details 
different. Subbasal spot in cell Rs; strongly yellow, the outer pale 
spot lacking; dark areas in anal cells distinct, the axilla and prearcular 
field heavily darkened. Venation: Cell R2 at margin more extensive 
than cell R3; cell M, deep, its petiole about one-half m; m-cu at fork of 
M3,,. Basal abdominal segments reddish brown, beyond the base 
of third segment darker brown to brownish black. Male hypopygium 
with the tergite bearing eight spinous points; in typical rivet with only 
six such points, the submedian pair low and obtuse. Inner dististyle 
bearing a conspicuous setiferous lobe on outer margin opposite the 
lower beak. 


Habitat: Colombia. J/olotype, &@, Mount Tolima, Cor- 
dillera Central, altitude 14,430 feet (Fassl); Vienna Museum 


Tipula subligulata sp. n. 

Belongs to the glaphyroplera group; allied to ligulata; general color 
ation gray; mesonotal praescutum with four entire dark brown stripes; 
posterior sclerites of notum with a median dark stripe; antennal flagellum 
black, pedicel obscure yellow; femora brown, the tips blackened, pre 
ceded by a yellow subterminal ri 
and marbled by darker brown and 


iz; Wings grayish brown, variegated 
tish ubhyaline; abdominal 





tergites obscure yellow, trilineate with black, the sublateral stripes 
wider; male hypopygium with the caudal margin of tergite entire and 
nearly truncate; both lobes of basistyle small, suboval; outer dististyl 
expanded at apex; eighth sternite with the median lobe simple, parallel 


sided, the apex bilobed. 
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Male.—Length, about 14-16 mm.; wing, 16-18.5 mm.; antenna, 
about 4.5-4.8 mm. 


Female.—Length, about 22 mm.; wing, 19 mm. 

Frontal prolongation of head dark gray; nasus long and slender; 
palpi black. Antennae with scape brownish black, pedicel obscure 
yellow, flagellum black; flagellar segments moderately incised; longest 
verticils subequal to or a little shorter than the segments; terminal 
segment thimble-shaped. Head light gray, with a brown wash that 
encloses a capillary black median vitta; setigerous punctures distinct; 
vertical tubercle very low; anterior vertex about three times the diameter 
of scape. 

Pronotum gray, darkened medially. Mesonotal praescutum gray, 
with four entire, dark brown stripes; lateral borders and an area in the 
humeral region blackened; scutum gray, each lobe with two brown 
areas, the median region darkened; scutellum light gray, with a median 
dark brown stripe, parascutella dark; mediotergite light gray with a 
conspicuous, dark brown, median dash that does not reach the posterior 
border, together with a smaller dark area in each cephalic-lateral corner; 
in cases, the mediotergite with two large rounded dark areas on posterior 
third, indistinct in some specimens. Pleura gray, variegated with 
darker gray on anepisternum, ventral sternopleurite and meron; dorso- 
pleural membrane buffy. Halteres with stem brownish yellow, brighter 
at base; knob dark brown, the apex obscure yellow. Legs with the 
coxae gray; trochanters brownish yellow; femora brown, the tips 
conspicuously blackened, preceded by a subequal yellow ring; tibiae 
dark brown, the tips blackened; tarsi black. Wings grayish brown, 
variegated by darker brown and whitish subhyaline areas; four dark 
brown areas in cell Sc, wider than the interspaces, virtually reaching 
vein M behind and here more or less confluent; stigma paler brown; 
white pattern marbled and more or less zigzag in outline, forming 
more or less extensive bands in the cells before cord; a conspicuous post- 
stigmal whitening; outer ends of cells R; and R; extensively whitened; 
white marginal spots in cells M, to /st A, inclusive; cell 2nd A more 
extensively darkened except in axillary portion; prearcular field white; 
veins brown, Ri,2 yellow. Venation: Rs long, about two and one-half 
times m-cu; Ri,2 entire; M344 subequal to or shorter than the basal 
section of Mj4.. 

Abdominal tergites obscure yellow, very conspicuously blackened 
sublaterally; first tergite pruinose; median dark stripe narrower and less 
conspicuous; all stripes broken at posterior ends of segments; lateral 
tergal margins buffy; basal sternites obscure yellow; outer segments 
more uniformly blackened. Male hypopygium with the caudal margin 
of tergite entire, nearly truncate, the central portion very feebly and 
gently emarginate. Basistyle with both ventral and mesal lobes small, 
suboval. Outer dististyle short, the apex expanded into a flattened 
spatulate head. Inner dististyle with the setae very conspicuous before 
midlength, the smallest setae continued to apex of beak; lower lobe of 
beak short and obtuse. Eighth sternite with a simple median lobe that 
is about two and one-half times as long as wide, nearly parallel-sided, 
the distal half pale, the apex bilobed by a median notch. Ovipositor 
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with cerci long and slender, nearly straight; hypovalvae much shorter 
and higher. 

Habitat: Chile. J/olotype, &#, Termas Rio Blanco, Cura 
Cautin, Cautin, altitude 3,415 feet, March 28, 1938 (D. S. 
Bullock). Allotopotype, 2, March 29, 1938. Paratopotype, # 
March 26, 1938. 

Tipula subligulata is most similar to 7. lanigera Alexander 
and 7. ligulata Alexander, differing most evidently in the 
details of wing-pattern, lack of elongate pale setae on the outer 
abdominal sternites, as in /anigera, and in the structure of the 
male hypopygium. 


’ 


Tipula serrilobata sp. n. 


Belongs to the glaphyroptera group; mesonotal praescutum with the 
median stripe more or less trifid; antennae (male) elongate, basal 
flagellar segments weakly bicolored; femora yellow, the tips blackened, 
preceded by a narrower, clear yellow ring; wings yellowish subhyaline, 
with a relatively sparse dark pattern; male hypopygium having the 
ninth tergite with a deep U-shaped notch, the truncated lateral lobes 
with serrate margins; eighth sternite with the lobe very small and simple. 

Male.—Length, about 14 mm.; wing, 15.5 mm.; antenna, about 
6 mm. 


Female.—Length, about 18-20 mm.; wing, 16-18.5 mm. 

Frontal prolongation of head brown, darker basally and at sides, 
paler beneath; palpi black, the tips of the segments pale, the terminal 
segment whitened beyond the base. Antenna (male) elongate, if bent 
backward extending to beyond base of abdomen; scape yellow, a little 
darkened at base; pedicel and first flagellar segment yellow; succeeding 
flagellar segments weakly bicolored, brown, the basal enlargements 
black; outer flagellar segments uniformly black; in female, the interme- 
diate flagellar segments more evidently bicolored, yellow, the basal 
swelling black; flagellar segments of male feebly incised; longest verticils 
subequal in length to the segments; terminal segment reduced. Head 
with front light gray; vertex darker gray, more or less infuscated 
medialty and behind. 

Mesonotal praescutum yellow pollinose on sides, the interspaces 
gray; lateral dark brown stripes entire, median stripe more or less trifid, 
in male less evidently so, the median vitta being delimited on either side 
by pale streaks, all within the stripe itself; in female, the pale lines are 
much more distinct and better defined; scutum light gray, each lobe 
variegated with dark brown, the median line with a nearly entire brown 
vitta; posterior sclerites of notum gray, with a scarcely broken median 
brown stripe. Pleura variegated yellow and gray, the latter more 
extensive on the mesopleura of male, leaving the propleura, dorso- 
pleural membrane, metapleura and pleurotergite more yellow; in 
female, the pale colors are even more extensive. Halteres with stem 
yellow, knob dark brown with paler apex. Legs with coxae yellow, very 


1941] Alexander: New Crane Flies 247 


sparsely pruinose; trochanters yellow; femora yellow basally, passing 
into pale yellowish brown, the tips blackened, preceded by a narrower, 
clear yellow ring; tibiae obscure yellow, the tips narrowly brownish 
black; tarsi black. Wings with the ground color yellowish subhyaline, of 
the cells beyond cord and in outer end of cell 1st A weakly darkened; 
stigma brown, the cephalic portion yellow; dark subcostal areas greatly 
reduced, the small cloud at origin of Rs not including cell Sc; obliterative 
areas beyond stigma and across cord relatively conspicuous, especially 
in female where a more or less complete crossband is formed; cell Cu 
extensively blackened; veins dark. Venation: Rs long, nearly two times 
m-cu; Ri. and R; strongly divergent, cell Re widened at margin. 
Abdominal tergites yellow, trivittate with dark brown, the median 
stripe narrow but nearly entire, broken only at posterior borders of 
segments; lateral stripes extensively interrupted into linear dashes; 
sternites yellow, in female extensively variegated by brownish black; 
subterminal segments darker. Male hypopygium with the tergite brown 
basally, with more than the outer half abruptly yellow; caudal margin 
with a deep U-shaped notch, the lateral lobes truncated, their margins 
conspicuously and irregularly serrate. Basistyle with ventral lobe only 
a little longer than thick, oval, provided with long setae; mesal lobe a 
little larger, appearing as a compressed oval cushion. Outer dististyle 
long-cylindrical. Eighth sternite with the lobe small, simple, only about 
as long as the width across base, clothed with numerous long yellow setae. 


Habitat: Chile. JJolotype, #, Termas Rio Blanco, Cura 
Cautin, Cautin, altitude 3,415 feet, March 29, 1938 (D. S. 


Bullock). Allotopotype, 2, March 28, 1938. Paratopotype, °, 
with allotype. 

Tipula serrilobata is closest to 7. parviloba Alexander, 
differing especially in the structure of the male hypopygium, as 
the truncated serrate lobes of the ninth tergite. 


Tipula subarmata sp. n. 


Belongs to the armatipennis group; general coloration yellowish 
brown, the praescutum unstriped; antennal flagellum bicolored; wings 
with a strong brownish yellow tinge, the costal region clearer yellow; 
costal margin opposite stigma strongly produced; R; atrophied, Ri+2 
perpendicular, cell 1s¢ Mz very small; male hypopygium with the eighth 
sternite large and sheathing, the caudal margin with a deep U-shaped 
notch, the cylindrical lateral lobes each tipped with a circlet of blackened 
spines. 

Male.—Length, about 18 mm.; wing, 15 mm.; antenna, about 6 mm. 

Frontal prolongation of head moderately long, fulvous yellow; nasus 
stout; palpi yellow. Antennae with the scape and pedicel yellow, the 
former short, the latter with a group of long setae on outer half; first 
flagellar segment yellow, succeeding segments bicolored, brown, the basal 
enlargement brownish black to black, the outer segments more uniformly 
dark brown; flagellar segments moderately incised; longest verticils 
shorter than the segments; terminal segment reduced to an elongate 
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thimble. Head light brown, the low anterior vertex darker brown 
medially. 

Pronotum and mesonotum almost uniform yellowish brown, the 
praescutum without stripes; setae of praescutum very small and sparse. 
Pleura yellow. Halteres with stem obscure yellow, knob brown. Legs 
with coxae and trochanters yellow; remainder of le gs yellow, the outer 
tarsal segments darkened; claws (male) toothed. Wings with a strong 
brownish yellow tinge, the prearcular, costal and stigmal fields clearer 
yellow; stigmal region (male) much larger than in armatipennis; oblit- 
erative areas very reduced; veins brownish yellow, clearer yellow in the 
more saturated portions. Costal border opposite stigma strongly 
produced but not spinous as in armatipennis. Venation: Rs relatively 
short, arcuated, about one-half longer than m-cu; Ri 2 nearly perpen- 
dicular, not connecting with the main stem of R by vein Ri, as is common 
in the genus; distance on costal margin between free tip of Sce and 
Ri.2 nearly one-half the length of latter; cell 1st M2 very small; cell My, 
longer than its petiole. 

Abdominal tergites yellow, with three nearly entire brown stripes 
that are more widened behind; sternites yellow; hypopygium relatively 
large, brownish yellow. Male hypopygium with the caudal margin of 
tergite with a small V-shaped median notch, the short acute lateral 
lobes blackened, divergent, set with numerous ‘short setae; outer lateral 
shoulders of tergite with abundant long dark setae. Dististyle com- 
pressed, short and compact, subrectangular in outline; ventral inner 
angle produced into a tail-like lobe that is tipped with conspicuous 
setae. Gonapophyses short and stout, subtending the short aedeagus; 
penis stout and conspicuous. Eighth sternite large and sheathing, the 
caudal margin with a deep U-shaped notch, the cylindrical lateral lobes 
long-produced; apex of each a circular cup, surrounded by a crown of 
blackened spines; ventral surface at lateral margin with a small pale 
lobule, but without spinous points. 

Habitat: Paraguay. Jolotype, &@, San Bernardino (C. 
Fiebrig); Vienna Museum. 

The present fly is closer to Tipula armatipennis Alexander 
than to 7. inarmata Alexander, as shown by the atrophy of 
vein R; in the stigmal field of the male (though presumably 
not in the female, as is the case in armatipennis) and in the very 
small cell /st Me. The but slightly produced costa is quite 
distinct from the condition obtaining in armatipennis while the 
structure of the male hypopygium is likewise entirely different. 


Limonia Meigen 
Limonia (Limonia) pernobilis sp. n 
Belongs to the insularis group; size very large (wing, male, over 
17 mm.); general coloration polished black; legs black, the tips of 
femora, tibiae, and intermediate tarsal segments restrictedly pale 
yellow; wings with apex very obtuse; wings broadly seamed with dark 
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brown, leaving the centers of the cells grayish; stigma large, deep 
yellow; Sc long; free tip of Sce lying distad of level of R2; Ri+2 preserved 
as a long spur; m-cu before fork of M. 

Male.—Length, about 12-13 mm.; wing, 17.5-18.5 mm.; antenna, 
about 2.9-3 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
segments short-cylindrical, more elongated outwardly, with conspicuous 
glabrous apical necks; verticils long and conspicuous, much exceeding 
the segments in length; terminal segment very long, more than one-half 
longer than the penultimate. Head black; anterior vertex narrower 
than the diameter of scape. 

Thorax uniformly polished black. Halteres black. Legs with the 
coxae and trochanters black; femora yellowish brown, darkened out- 
wardly, deepest just before the narrow, pale yellow tips; tibiae black, 
the tips narrowly obscure yellow, the bases very narrowly of the same 
color; tarsi black, the tip of basitarsus, all of segment two and base of 
segment three yellow; claws with a single conspicuous tooth. Wings 
with apex very obtuse; ground color of wings chiefly dark brown, appear- 
ing as very broad seams to all the veins, leaving the centers of the cells 
more grayish; stigmal area deep yellow, large and conspicuous, inter- 
rupted by dark seams at outer end of vein R; veins brown, yellow in the 
stigmal area. Venation: Sc long, Sc; ending opposite fork of Rs, Sc at 
its tip; free tip of Scz lying distad of level of Re, Riy2 preserved as a long 
straight spur that exceeds R» in length; Rs nearly square at origin; 
veins R; and R445 very strongly decurved at outer ends, terminating at 
or beyond the wing-tip; cell /s¢ Mz subequal to vein M, beyond it; 
m-cu some distance before fork of M. 

Abdomen black, including the hypopygium, the more basal sternites 
a little brightened. 


Habitat: Peru. Holotype, #, Satipo, Junin, March 1, 1939 
(P. Paprzycki). Paratype, &, vicinity of Leonpampa, Huanuco, 
in jungle, altitude about 2,500 feet, December 7, 1937 (F. 
Woytkowski). 

Limonia (Limonia) pernobilis is one of the most striking 
species of the genus so far discovered. There is no described 
species with which it can be confused. 


Limonia (Limonia) limbinervis sp. n. 


Belongs to the insularis group; general coloration dark brown, the 
mesonotum variegated with yellow, especially medially; legs black, the 
tips of femora, tibiae and basitarsi whitened; wings grayish, the veins 
broadly and conspicuously seamed with brown to produce a streaked 
appearance; Sc; ending about opposite two-thirds the length of Rs; 
m-cu at or close to fork of M; abdominal tergites brownish black, the 
sternites obscure yellow, the incisures darker; hypopygium black, the 
rostral prolongation of the ventral dististyle long and narrow, 
boomerang-shaped. 
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Male.—Length, about 8 mm.; wing, 9.5 mm. 

Female.—Length, about 7 mm.; wing, 8.5 mm. 

Rostrum obscure yellow; palpi black. Antennae black throughout; 
basal flagellar segments short-oval, the outer ones more elongate; 
terminal segment unusually long, nearly twice the penultimate; verticils 
long and conspicuous, much exceeding the segments, the longest ones 
unilaterally arranged. Head obscure yellow in front, darker behind; 
anterior vertex wide. 

Pronotum obscure brownish yellow. Mesonotal praescutum brown- 
ish yellow with two darker brown intermediate stripes on posterior 
two-thirds of sclerite, the lateral stripes indistinct ; seutum and scutellum 
brownish black, broadly pale yellow medially; mediotergite dark brown; 
pleurotergite paler, especially on cephalic portion. Pleura yellow, 
vaguely darker on posterior sternopleurite. Halteres brownish black, the 
extreme base of stem yellow. Legs with the coxae and trochanters 
yellow; femora obscure yellow at base, passing into black, the tips 
narrowly and abruptly snowy white; tibiae black, the tips white, in 
degree about twice as extensive as the femoral tips; fore basitarsi 
darkened at proximal end, white at tips; posterior tarsi with basitarsus 
and second segment darkened basally, white at tips; segments three and 
four pale yellowish white; terminal segment brownish black. Wings with 
the ground color grayish, veins broadly and conspicuously seamed with 
brown to give a streaked appearance to the wing, the anal veins less dis- 
tinctly margined; veins brown. Venation: Sc; ending about opposite or 
beyond two-thirds the length of the long Rs, Sc2 at its tip; free tip of Sce 
and Rs in approximate transverse alignment; m-cu at or close to 
fork of M. 

Abdominal tergites brownish black; sternites obscure yellow, the 
incisures, especially the basal triangles, darkened; hypopygium black. 
Ovipositor with cerci slender, upcurved. Male hypopygium with caudal 
margin of tergite very gently emarginate. Lobe of bgsistyle simple, 
with long conspicuous setae. Dorsal dististyle a straight rod, the apex 
a trifle expanded, the acute tip decurved. Ventral dististyle with the 
rostral prolongation long and narrow, boomerang-shaped. Gonapo- 
physes with mesal apical lobe stout. Apex of aedeagus obtusely 
rounded. 

Habitat: Peru. JJolotype, #, Satipo, Junin, March 1, 1939 
(P. Paprzycki). Allotopotype, 2, March 6, 1939. 

Limonia (Limonia) limbinervis is readily told from other 
members of the imsularis group, having white rings on the legs, 
by the striped pattern of the wings and by the structure of the 
male hypopygium. 


Limonia (Peripheroptera) thioptera sp. n. 


Head and abdomen polished black; mesothorax polished red, the 
cephalic two-thirds of the praescutum with a conspicuous black median 
area, pointed behind; legs uniformly black; wings intense sulphur- 
yellow, the color including the veins; costal vein narrowly but con- 
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spicuously black; free tip of Sc2 some distance before level of R2; inner 
ends of cells R3, R; and 1st Mz in transverse alignment. 

Male.—Length, about 8 mm.; wing, 11 mm. 

Rostrum and palpi black. Antennae black throughout; flagellar 
segments oval. Head polished black, the genae more reddish brown; 
anterior vertex wide, exceeding three times the diameter of scape. 

Pronotum blackened medially, paling to reddish brown on sides. 
Mesonotal praescutum reddish, the cephalic two-thirds with a con- 
spicuous, polished black, median area, its point directed backward; 
remainder of mesonotum and the pleura reddish. Halteres with stem 
blackened, knob broken. Legs with coxae and trochanters reddish; 
remainder of legs black throughout. Wings of an intense sulphur-yellow 
color, the costal vein to the point of termination of vein Ry,; narrowly 
but conspicuously black; remainder of wing broader more narrowly and 
less conspicuously darkened; m-cu and outer end of cell 1st M2 narrowly 
darkened, chiefly shown by a darkening of the veins; remainder of veins 
deep sulphur-yellow. Venation: Prearcular field relatively short; free 
tip of Sc2 some distance before level of R2; inner ends of cells R3, R; and 
1st Mz in transverse alignment; cell 1st Mz. about equal in length to vein 
M2 beyond it; m-cu about one-third its length beyond the fork of M. 

Abdomen, including hypopygium, polished black, the basal tergite 
a little paler. 


Habitat: Ecuador. Jlolotype, &@, Minza Chica, Mount 
Tungurahua, altitude 11,375 feet, April 13, 1939 (F. M. Brown). 
Limonia (Peripheroptera) thioptera is raost nearly allied to 


L. (P.) prindlei Alexander, likewise from the vicinity of Mount 
Tungurahua, which differs conspicuously in the black coloration 
of the body and in the distinct wing venation and pattern. 


Limonia (Dicranomyia) cautinensis sp. n. 


General coloration reddish yellow; antennae black, the scape yellow; 
head buffy yellow, the anterior vertex wide; halteres with knob weakly 
infumed; femora brownish yellow to pale brown; wings with a pale 
yellow tinge; cell Mz open by atrophy of m; male hypopygium with the 
two rostral spines slightly separated at base; ovipositor with cerci short, 
the hypovalvae short and deep. 

Male.—Length, about 6.5 mm.; wing, 7.5 mm. 

Female.—Length, about 6.5 mm.; wing, 8 mm. 

Rostrum and palpi black. Antennae with scape yellow, pedicel and 
flagellum black; flagellar segments passing through short-oval to oval; 
terminal segment longer than the penultimate. Head buffy yellow; 
anterior vertex wide. 

Thorax uniformly reddish yellow, without markings. Halteres with 
stem yellow, knob weakly infumed. Legs with coxae and trochanters 
yellow; femora brownish yellow to pale brown; tibiae brown; tarsi 
brownish black. Wings with a pale yellow tinge; stigma lacking or 
barely darkened; veins yellowish brown. Venation: Sc short, Se; ending 
opposite origin of Rs, Sc. far from its tip, so Sc; alone exceeds three- 
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fourths the length of Rs; cell Mz open by atrophy of m; m-cu a short 
distance before fork of M. 

Abdomen obscure yellow. Male hypopygium with the ventral 
dististyle much larger than the basistyle; rostral prolongation of mod- 
erate size, narrowed at tip; two separate rostral spines, at base parted by 
a distance about equal to their own diameter, the outer spine a little 
shorter, both spines bent slightly backward but nearly straight. Dorsal 
dististyle a gently curved rod, the tip narrowed to an acute point. 
Gonapophyses with mesal apical lobe relatively long, the outer margin 
microscopically toothed. Ovipositor with the cerci short and relatively 
stout, a little shorter than the small deep hypovalvae. 


Habitat: Chile. Holotype, &, Termas Rio Blanco, Cura 
Cautin, Cautin, altitude 3,415 feet, March 28, 1938 (D. S. 
Bullock). Allotopotype, 2, March 26, 1938. Paratopotype, 3, 
March 29, 1938. 


Limonia (Dicranomyia) cautinensis is readily told from 
L. (D.) ambigua Alexander, the only other described regional 
species of the subgenus having cell M, of the wings open, by 
the yellow coloration and by the structure of the male 
hypopygium. 


Limonia (Dicranomyia) flavaperta sp. n. 


General coloration yellow; antennae with scape yellow, flagellum 
brownish black; legs yellow, the terminal tarsal segments blackened; 
wings with a strong yellow tinge; Sc; about one-half Rs, cell M2 open 
by the atrophy of m; male hypopygium with the rostral prolongation 
of the ventral dististyle very small, with two spines of moderate length; 
dorsal dististyle a strongly curved sickle; gonapophyses with mesal 
apical lobes slender, the margins smooth; ovipositor with cerci and 
hypovalvae long and slender. 

Male.—Length, about 7 mm.; wing, 8 mm. 

Female.—Length, about 8 mm.; wing, 9.56 mm. 


Rostrum yellow; first segment of palpus yellow, the outer segments 
black. Antennae with scape obscure yellow, pedicel brownish yellow; 
flagellum brownish black; [ isal flagellar segments short-oval, the outer 
ones more elongate. Head obscure yellow, with a sparse gray bloom; 
anterior vertex wide. 

Pronotum obscure yellow. Mesonotum yellow, the praescutum with 
vague indications of brownish stripes, especially of the median one. 
Pleura yellaw. Halteres pale. Legs yellow, the terminal tarsal segments 
blackened. Wings with a strong yellow tinge; stigma poorly indicated, 
deeper yellow; veins yellow. Venation: Sc; ending about opposite the 
origin of Rs, Scz a relatively short distance from its tip, Sc; alone about 
one-half Rs; cell Mz open by atrophy of m; m-cu at or very close to 
fork of M. 

Abdomen yellow, including hypopygium. Male hypopygium with 
the ventral dististyle more extensive than the basistyle; rostral pro- 
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longation very small, with two spines of moderate length, placed close 
together at near midlength. Dorsal dististyle a strongly curved sickle, 
the tip narrowly obtuse. Gonapophyses with mesal apical lobes slender, 
gently curved, their margins smooth. Ovipositor with both cerci and 
hypovalvae long and slender, the former gently upcurved. 


Habitat: Chile. J/olotype, #, Termas Rio Blanco, Cura 
Cautin, Cautin, altitude 3,415 feet, March 26, 1938 (D. S. 
Bullock). Allotopotype, 9, March 28, 1938. 

Limonia (Dicranomyia) flavaperta is closest to L. (D.) 
cautinensis sp. n., which is the nearest ally. It is readily told 
by the more intensely yellow wings, with Sc, shorter, by the 
structure of the male hypopygium, and by the long slender 
valves of the ovipositor. 


Pedicia Latreille 
Pedicia (Tricyphona) guttistigma sp. n. 


General coloration brown, the praescutum with three slightly darker 
brown stripes, the median one darker in central portion; halteres brown- 
ish testaceous; legs yellow, the terminal tarsal segments darker; wings 
subhyaline, the subcircular stigma dark brown; a brown cloud on 
anterior cord; cell 1st Mz closed; cell M, with short petiole; male hypo- 
pygium with apex of basistyle produced into a triangular earlike point; 
interbasal rod a strong flattened blade. 

Male.—Length, about 6.5 mm.; wing, 8 mm. 

Rostrum and palpi brown. Antennae with scape and pedicel black; 
flagellum broken beyond the first segment. Head dark gray. 

Mesonotum almost uniformly brown, the praescutum with three 
slightly darker brown stripes, the central portion of the median one still 
darker; centers of scutal lobes darkened. Pleura medium brown. 
Halteres brownish testaceous, the base of stem a trifle brightened. Legs 
with coxae testaceous yellow; trochanters yellow; remainder of legs 
yellow, the two terminal tarsal segments darker. Wings subhyaline; 
stigma subcircular, dark brown, situated above midlength of Re; and 
far before R2; a conspicuous brown cloud on anterior cord, extending 
from the fork of R234, to the fork of M; more basal veins yellow, at 
near midlength veins passing into brown. Venation: Scz some distance 
before origin of Rs; Re344 variable, in one wing of type present as a very 
short element that is subequal to the basal section of R;, in the opposite 
wing lacking, cell R; being sessile; Re slightly oblique, subequal to 
R\42; cell 1st Mz closed, narrowed at proximal end; cell M, with petiole 
short, subequal to or shorter than m; m-cu a little less than its own 
length beyond fork of M. 

Abdomen dark brown, the caudal borders of the segments somewhat 
paler. Male hypopygium with the apex of basistyle produced into a 
small triangular earlike point; interbasal rod a strong, gently curved, 
flattened blade, gradually narrowed to the acute tip, the outer edge 
sclerotized, provided with numerous small setae, the inner margin paling 
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to a hyaline membrane whose limits are hard to determine on a micro- 
scope slide. 


Habitat: Chile. JJolotype, &@, Angol, October 18, 1935 
D. S. Bullock). 

Allied to Pedicia (Tricyphona) platyptera Alexander, of 
Chiloé Island, south Chile, differing in the inconspicuous 
praescutal stripes, dark brown cloud on anterior cord of wing, 
and in the structure of the male hypopygium, especially the 
basistyle and the interbasal process. 


WILDLIFE CONSERVATION, by IRA N. GapriELtson. Pages xv and 250, 
32 plates of photographs and 24 text figures (mostly maps). 64 x 9% 
inches. Published by THE MACMILLAN Company, 60 5th Ave., New York, 
N. Y. Price, $3.50 

This book is an attempt to put into simple language the basic facts in the 
field of conservation and to emphasize the interrelationships of the various types 
f conservation programs. The result is a very enlightening and stimulating 
volume. 

The discussion is centered about three basic concepts: (1) that soil, water, 
forest, and wildlife conservation are only parts of one inseparable wildlife pro- 
gram; (2) that wildlife must have an environment suited to its needs if it is to 
survive; and (3) that any use that is made of any living resource must be limited 
to not more than the annual increase if the essential seed stock is to be continually 
available. 

The first of these concepts is discussed in the first seven chapters of the book, 
the headings of which are suggestive of the scope of the discussion: 1, Conserva- 
tion and Renewable Resources; II. Soil Erosion and Wildlife; III. Water Con- 
servation; IV. Life of the Waters; V. Forest Conservation; VI. Relation between 
Forestry and Wildlife; and VII. Grassland Conservation and its Relation to 
Wildlife. 

The remaining chapters deal with specific problems of certain groups of wild- 
life, with the discussion centering about the last two of the three basic concepts 
noted above. The emphasis throughout is that any conservation program must 
be based on these concepts. The chapter headings are: VIII. Some Basic Facts 
in Wildlife Conservation (a general account of the ecology of wildlife); IX. Resi- 
dent Game; X. Migratory Birds; XI. Fur Animals; XII. Nongame Birds and 
Mammals (including a consideration of the problems of controlling undesirable 
species); XIII. Rare and Vanishing Species; XIV. Predator Relationships (in 
which it is pointed out that the sane handling of the predator problem must lie 
somewhere between the total extermination desired by the outraged stockman 
and the no-control idea of the detached nature lover); XV. Wildlife Refuges and 
their Place in Conservation; and XVI. Surmounting the Obstacles to Conserva- 
tion (in which a number of practical remedies are suggested). 

There is probably no person better qualified to write a book on wildlife con- 
servation than the author of this book, who is Director of the U. S. Fish and 
Wildlife Service. He has long been known as an outstanding ornithologist and 
naturalist, and for many years has been in direct contact with the problems 
discussed in this book. 

The book throughout shows evidence of considerable thought and careful 
preparation. The material is excellently organized, and the discussion is simple 
and direct. Technical details, which would be of value only to persons who are 
technically trained, are omitted. This book will fill a long-felt need for a concise 
and authoritative discussion of this important subject. Anyone reading this 
book—and certainly every biologist should read it—will acquire a better under- 
standing and appreciation of the problems of wildlife conservation.—D. J. Borror. 


( 


PROCEEDINGS OF THE THIRTY-FIFTH ANNUAL MEETING 
Philadelphia, Pennsylvania, December 27-30, 1940 


The Entomological Society of America held its Thirty-fifth Annual 
Meeting on Friday, Saturday, Sunday and Monday. 

A joint symposium was held on Friday afternoon with the American 
Association of Economic Entomologists on ‘“ The Breeding of Cultivated 
Plants Resistant to Insect Attack.”” Dr. P. N. Annand, Assistant Chief 
of the Bureau of Entomology and Plant Quarantine, presided and 
introduced the speakers. Two of the speakers presented this field in its 
broad aspects, one from the standpoint of the plant breeders and one 
from the viewpoint of the entomologists. The remaining speakers 
discussed the problems in this field with relation to special crops, in 
particular corn, wheat and vegetables. The progress made during the 
past decade in this comparatively new field of insect control was 
especially emphasized, and its possibilities as well as its limitations 
were brought out. All of the speakers emphasized the importance of 
co-operation among research workers in varied scientific fields for 
attaining success in breeding plants resistant to insect attack. 

The Annual Public Address of the Society was given by Dr. R. E. 
Snodgrass, Bureau of Entomology and Plant Quarantine on Friday 
evening in the Auditorium of the Academy of Natural Sciences. The 
subject of the address was ‘The Evolution of the Arthropods.” Dr. 
Snodgrass took his audience back an indefinite number of million years 
to meet a comparatively simple coelenterate larva, and then described 
to them the gradual structural changes which would logically follow for 
such an animal if it gave rise to ancestral annelids, some of which may 
in turn have produced the ancestral arthropods, etc., and finally cul- 
minated with the insects. Many new figures, drawn by Dr. Snodgrass 
himself, were used to illustrate the lecture, which together with the 
speaker’s pleasing way of presenting his subject made a most enjoyable 
evening. 

The Public Address was followed by an informal reception in the 
rooms of the Academy of Natural Sciences at which the entomologists 
were the guests of the American Entomological Society. Approximately 
three hundred and fifty people were present at the Public Lecture and 
the reception which followed. All who attended were grateful to the 
American Entomological Society for a splendid social evening, and the 
opportunity to meet and visit with old acquaintances as well as the 
privilege of making many new ones. 

The Entomologists’ Dinner was held on Saturday evening with two 
hundred and seventy-five persons in attendance. Dr. P. P. Calvert 
acted as toastmaster. One of the features of the evening’s program was 
a demonstration of the practical applications of polarized light, especially 
the use of the latter in making and projec ting three dimensional pictures. 

An innovation was introduced into the program this year in the 
form of a Taxonomists’ Conference which was held on Sunday morning. 
Approximately one hundred people were in attendance, many of whom 
took part in an interesting discussion of the several problems of Zoolog- 
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ical Nomenclature which made up the agenda of the program. So 
much approval of this type of meeting was expressed that a second 
conference will be arranged for the 1941 meeting. 

The Monday morning session was a joint one participated in by the 
Ecological Society of America and our own Society. Eleven papers 
were presented on this program dealing with insect ecology, the con- 
tributions being divided equally among members of both societies. 

All of the sessions of the Philadelphia meeting were very well 
attended. Some two hundred and eighty members registered at the 
Secretary’s desk and a considerable number are known to have been 
present who did not register. 

The program presented at the four day meeting follows: 


Opening Session, Friday Morning, December 27 


The Society was called to order at 9:00 A. M. by President W. D. 
Funkhouser in the Betsy Ross Room, Benjamin Franklin Hotel. 
President Funkhouser appointed the following committees: 


Nominating Committee—E. M. WALKER, Chairman; H. B. HUNGER- 
FORD, R. E. SNODGRAssS. 

Resolutions Committee—T. H. Fr1son, Chairman; C. P. ALEXANDER, 
E. A. RICHMOND. 

Auditing Committee—ALVAH PETERSON, Chairman; B. E. Monrt- 
GOMERY, A. C. Hopson. 


The following papers were presented: 


1. Host Relations and Geographic Distribution of New Species of the Genus 
Eurytoma from Mexico (Hymenoptera, Eurytomidae). (8 min.) (Lantern.) 
Rospert E. BuGBEE, Fort Hays Kansas State College, Hays, Kansas. 

2. Life History ot Myiophasia globosa Townsend, a Tachinid Parasite of the 
Cowpea Curculio. (10 min.) (Lantern.) THEODORE L. BIssELL, Georgia 
Agricultural Experiment Station, Experiment, Georgia. 

3. Life History Studies on A panteles carpatus (Say), (Hymenoptera, Braconidae). 
(15 min.) (Lantern.) A. Murray FAatiis, Ontario Research Foundation, 
Toronto, Ontario, Canada. 

4. The Exoskeleton and Musculature of the Abdomen of Grylloblatta. (10 min.) 
E. M. WALKER, University of Toronto, Toronto, Ontario, Canada. 


5. A Transitory Membrane in the Formation of Mid-gut in the Cockroach, 
Blatiella germanica. (15 min.) (Lantern.) Linco~n C. Pettit, Wash- 
ington and Lee University, Lexington, Virginia. 

6. New Methods in Sectioning Insects. (10 min.) (Lantern.) Ratpn L. 
CHERMOCK, Duquesne University, Pittsburgh, Pennsylvania. 

7. The Sumatran ‘‘Trilobite’’ Larva. (4 min.) (Lantern.) C. T. Brues, 
Harvard University, Cambridge, Massachusetts. 

8. X-ray Studies of Starving Mealworm Larvae. (10 min.) (Lantern.) G. F. 


MacLeop, University of California, Berkeley, California. 

9. Notes on the Female Reproductive System of the Viviparous Cockroach, 
Diploptera dytiscoides (Serville). (20 min.) (Lantern.) HaroLtp R. 
HaGAn, College of the City of New York, New York, N. Y. 

10. The Nerves of a Pregenital Abdominal Segment of a Grasshopper. (20 min.) 

Lantern.) JoHN B. Scumitt, New Jersey Agricultural Experiment Station, 
New Brunswick, New Jersey. 

11. The Degeneration of Ovarian Eggs in Relation to Oviposition in the 
Hymenoptera. (20 min.) (Lantern.) STANLEY E. FLANpeErRs, Citrus 
Experiment Station, Riverside, California. 
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12. The Internal Genitalia of Yucca Moths, and Their Connection with the 
Alimentary Canal. (10 min.) (Lantern.) JosepH L. WiLttams, Lincoln 
University, Pennsylvania. 

The Society then adjourned to meet with the AMERICAN ASSOCIATION 
oF Economic ENTOMOLOGISTs to hear the address of their president, 

Professor HARRY S. SMITH. 


Second Session, Friday Afternoon, December 27 


JOINT SESSION WITH AMERICAN ASSOCIATION OF 
ECONOMIC ENTOMOLOGISTS 


Symposium: ‘The Breeding of Cultivated Plants Resistant to 
Insect Attack”’ 
The session was called to order by Dr. P. N. ANNAND at 2:30 P. M. 

The following papers were presented: 

The Place and Method of Breeding for Insect Resistance in Cultivated Plants. 
(30 min.) R.O. SNELLING, Bureau of Plant Industry, U. S. D. A., Urbana, 
Illinois. 

Breeding Plants for Resistance to Insect Attack. 

Corn. (20 min.) J. H. BiGcGer, Illinois Natural History Survey, Urbana, 
Illinois. 

Wheat. (20 min.) C. M. Packarp, Bureau of Entomology and Plant 
Quarantine, Washington, D. C. 

Vegetables. (20 min.) S. F. Batmey, University of California, Davis, 
California. 

The Economic Value and Biologic Significance of Insect Resistance in Plants. 
(30 min.) R.H. PAIntER, Kansas State College, Manhattan, Kansas. 


Third Session, Friday Evening, December 27 


The session was called to order by President W. D. FUNKHOUSER at 
8:00 P. M. in the Auditorium of the Academy of Natural Sciences. 
President FUNKHOUSER introduced Mr. JAMEs A. G. REHN who extended 
greetings on behalf of the AMERICAN ENTOMOLOGICAL SOCIETY and the 
ACADEMY OF NATURAL SCIENCES to all the visiting entomologists. 
President FUNKHOUSER then introduced the speaker of the evening, 
Dr. R. E. SNopGRAss, Bureau of Entomology and Plant Quarantine, 
who spoke on the subject “The Evolution of the Arthropods.” The 
lecture was illustrated with lantern slides made from drawings by Dr. 
SNODGRASS. Approximately three hundred and fifty persons were 
present. 


Fourth Session, Saturday Morning, December 28 


The session was called to order by President W. D. FUNKHOUSER at 
9:00 A. M. and the following papers were presented: 


13. Photographic Evidence on the Visibility of Color Patterns in Butterflies to 
the Human and Insect Eye. (15 min.) (Lantern.) C.T. Bruges, Harvard 
University, Cambridge, Massachusetts. 

Record of Deinocerites spanius at Brownsville, Texas, with Notes on Its 
Biology. (10 min.) FRANK W. Fisk, Berkeley, California. 

Further Studies in the Cave Hibernation of Mosquitoes. (15 min.) 
(Lantern.) J. D. Ives, Jefferson City, Tennessee. 
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16. The Relation of Water Temperature to Anopheles quadrimaculatus breeding. 
(8 min.) (Lantern.) HERBERT S. HurLButT, Health and Safety Depart- 
ment, Tennessee Valley Authority, Wilson Dam, Alabama. 

17. Exploratory Observations on the Responses of Certain Mosquitoes to 
Attrahents. (15 min.) (Lantern.) KENNETH B. M. Crooks, Hampton 
Institute, Hampton, Virginia. 

18. The Anopheline Mosquito Problem in the Upper Mississippi Valley. (10min.) 
(Lantern.) Wa. A. RiLtEy, University of Minnesota, St. Paul, Minnesota. 

19. The Distribution and Preferred Habitats of the Grasshopper, Melanoplus 
impudicus Scudder (Orthoptera, Acrididae). (15 min.) (Lantern.) ASHLEY 
B. GuRNEY, Bureau of Entomology and Plant Quarantine, Washington, 
9. , 

20. The Biology of Bombyliidae with Particular Reference to Those Predacious 
in Grasshopper Egg Pods. (20 min.) (Lantern.) REGINALD H. PAINTER, 
Kansas State College, Manhattan, Kansas. 

21. Effect of Blocking Haemocytes with Chinese Ink Particles and Staining 
Nephrocytes with Trypan Blue upon the Resistance of the Cockroach, 
Periplaneta americana L., to Sodium Arsenite and Nicotine. (15 min.) 
(Lantern.) J. FRANKLIN YEAGER, Bureau of Entomology and Plant Quar- 
antine, Washington, D. C. 

The Southern Corn Rootworm; a Technique for Rearing Larvae on Seedling 
Corn Plants. (15 min.) (Lantern.) J. H. BricGer anp R. B. Marcu, 
Illinois Natural History Survey, Urbana, Illinois. 


22 


Fifth Session, Saturday Afternoon, December 28 


Following the call to order at 2:00 P. M. by President FUNKHOUSER 
the following papers were presented: 


23. A Luminous Fly Larva with Spider Traits (Diptera, Mycetophilidae). 
(15 min.) (Lantern.) B. B. Fulton, North Carolina State College, 
Raleigh, North Carolina. 

24. Taxonomic Problems in Corixidae. (10 min.) H. B. HUNGERFoRD, Uni- 
versity of Kansas, Lawrence, Kansas. 

25. Secondary Sexual Characters in Trichoptera. (18 min.) (Lantern.) Lorus 
J. MILNE, Randolph-Macon Womaa’s College, Lynchburg, Virginia. 

26. The Original Homes of Some Domiciliary Cockroaches. (15 min.) (Lantern. 
JAMEs A. G. REHN, Academy of Natural Sciences, Philadelphia, Penn- 
sylvania. 

27. On the Formation of the Trachael Funnel in Anasa tristis Deg. induced by 
the parasite, Trichopoda pennipes Fabr. (8 min.) (Lantern.) RAIMOoN 
L. BearD, Connecticut Agricultural Experiment Station, New Haven, 
Connecticut. 

28. A Comparative Morphological Study of the Male Genitalia of the Coc- 
cinellidae. (15 min.) (Lantern, film slides.) H.R. DopGg, Clintonville, 
Wisconsin. 

29. The Use of Plastics in Making Gross Mounts of Insect Structures. (5 min.) 
RaLpuH L. CHERMOCK. Duquesne University, Pittsburgh, Pennsylvania. 

30. The Oviposition of Chloealtis conspersa Harris (Orthoptera). (6 min.) 
(Motion pictures.) ALEXANDER B. KLors, College of the City of New 
York, New York, N. Y. 

31. How Odynerus Suspends Her Egg. Egg Laying of Trypoxylon. (20 min.) 
(Motion pictures.) Cart G. HARTMAN, Carnegie Institution of Wash- 
ington, Baltimore, Maryland. 

32. Some Insectivorous Plants (Dionaea and Sarracenia). (15 min.) (Motion 
pictures.) Mrs. C. T. BrRuEs, Cambridge, Massachusetts. 


Sixth Session, Sunday Morning, December 29 


The session was called to order by Mr. C. F. W. MUESEBECK at 
10:00 A. M. The following topics were considered for discussion: 
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Family Nomenclature. 

Genera Based upon Misidentified or Unnamed Species. 
Status of Emendations. 

Homonyms. 

Gender of Generic Names. 

Subspecific Categories. 


Seventh Session, Monday Morning, December 30 
JOINT SESSION WITH THE ECOLOGICAL SOCIETY OF AMERICA 


The session was called to order by Dr. CLARENCE E. MICKEL at 
9:00 A. M. and the following papers were presented: 


33. A Comparative Study of the Spiders of the Dunes Areas of Chicago. (15 min.) 
(Lantern.) DonaLp C. Lowrigz, University of Chicago and Chicago 
Academy of Sciences, Chicago, Illinois. 

Notes on Cannibalism Among Captive Cockroaches. (15 min.) (Lantern.) 
LincoLn C. Pettit, Washington and Lee University, Lexington, Virginia. 
Observations on the Honey Ant (Myrmecocystus mexicanus navajo Wheeler). 
(15 min.) Rerep W. Fautin, University of Illinois, Champaign, Illinois. 
The Migration in Ontario of the Monarch Butterfly, Danaus archippus Fabr. 

GEOFFREY BEALL, Dominion Entomological Laboratory, Chatham, Ontario. 

Some Environmental Factors Involved in the Parallel Color Variation of 
Butterflies. (15 min.) (Lantern.) Witttam Hovanitz, California Insti- 
tute of Technology, Pasadena, California. 

Experimental Studies on Millipedes. (10 min.) Marre Louts—E GOODNIGHT, 
Brooklyn College, Brooklyn, New York. 

Types of Population Growth with Reference to Host-parasite Balance. 
(15 min.) (Lantern.) NELLIE M. Payne, American Cyanamid Co., 
Stamford, Connecticut. 

Effect of Drought on Populations of Phyllophaga. (10 min.) (Lantern.) 
A. A. GRANOvSKY, University of Minnesota, St. Paul, Minnesota. 

Regression of Insect Density on Distance from Centers of Dispersion. (12 
min.) (Lantern.) F. M. WaApLEY Anp D. O. WoLFENBARGER, Bureau of 
Entomology and Plant Quarantine, Washington, D. C. 

Altitude, Plant Zones, and the Ecology of Ants in Equatorial African 
Mountains. (15 min.) (Lantern.) Neat A. WEBER, University of North 
Dakota, Grand Forks, North Dakota. 

Observations on the Feeding Habits of Butterflies, with Special Reference to 
Flower Colors. (15 min.) (Lantern.) Harotp I. O’Byrne, Webster 
Groves, Missouri. 


Eighth Session, Monday Afternoon, December 30 


Following the call to order at 2:00 P. M. by President FUNKHOUSER 
the following papers were presented: 


The Taxonomy and Ecology of Some Arctic-Alpine Insects. (20 min.) 
(Lantern.) ALEXANDER B. Kiors, College of the City of New York, New 
York, N. Y. 

On the Stomodeal Nervous System of Insects. (30 min.) (Lantern.) 
WiLuiAM E. BickLey, University of Maryland, College Park, Maryland. 
Histopathology of the Central Nervous System of Mosquito Larvae Due 
to Certain Oils. (20 min.) (Lantern.) A. GLENN RICHARDs, JR., Uni- 

versity of Pennsylvania, Philadelphia, Pennsylvania. 

Histopathological Comparison of Nerve and Muscle Tissues of Moribund 
and Dead Houseflies after Treatment with Contact Poisons. (15 min.) 
(Lantern.) ALBERT HARTZELL, Boyce Thompson Institute, Yonkers, 
New York. 

The Relationship of the Spermatophore to the Female Reproductive Ducts in 
Lepidoptera. (By title.) JosepH L. WitutamMs, Lincoln University, 
Pennsylvania. 
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49. The Robber Flies of Colorado. (By title. MAURICE i 2 JAMEs, Colorado 
Agricultural College, Fort Collins, Colorado. 

50. New Dolichopodidae of Western North America. (By title.) F. C. 
HARMSTON AND G. F. KNow.tton, Utah Agricultural College, Logan, Utah. 


The following is a report of the Annual Business Meeting which was 
held Monday afternoon, December 30, following the paper reading 
session: 


REPORT OF THE SECRETARY 


During the year 1940, the following having been duly nominated and recom- 
mended were elected members of the Society by mail ballot of the Executive 
Committee: 

CARSTEN AHRENS, Fifth Avenue High School, Pittsburgh, Pa. 

RosBeERT Howipay Cooper, Ball State Teachers’ College, Muncie, Ind. 

GEORGES GAUTHIER, Ministry of Agriculture, Quebec, Quebec, Canada. 

TAMARATH D. KNIGIN, 617 Ontario Street, S. E., Minneapolis, Minn. 

F. EARLE LyMAn, Dept. of Zoology, University of Michigan, Ann Arbor, Mich. 

JoHN WInsLow MacSwain, 2918 Piedmont Ave., Berkeley, Calif. 

JAMES FREED MANGRUM, Lincoln Memorial University, Harrogate, Tenn. 

IRVIN BARRY TARSHIS, 2195 Carter Ave., St. Paul, Minn. 


With the approval of the Executive Committee a joint symposium on the 
subject, ‘‘The Breeding of Cultivated Plants Resistant to Insect Attack’’ was 
arranged for with the American Association of Economic Entomologists. 

With the approval of the Executive Committee a joint session with the Eco- 
logical Society of America was arranged for the Philadelphia meeting. 

Dr. C. H. HADLEY kindly consented to act as chairman of the local committee 
on arrangements at Philadelphia to represent both entomological societies and 
was so appointed by PRESIDENT FUNKHOUSER. Mr. JAMEs A. G. REHN and DR. 
A. GLENN RICHARDs, JR., were also appointed by PRESIDENT FUNKHOUSER to 
serve on this joint committee. The members from the American Association of 
Economic Entomologists were Dr. HARRY F. Dietz and Mr. CuHar.es A. CLARK, 
the latter having charge of arranging and supervising the entomological exhibits. 

With the approval of the Executive Committee Dr. R. E. SNopGrRass, Bureau 
of Entomology and Plant Quarantine, was invited to give the Annual Public 
Address at the Philadelphia meeting. 

PRESIDENT FUNKHOUSER appointed Dr. A. Avinorr the official delegate of 
the Society to the Eighth American Scientific Congress held in Washington in 
May, 1940. 

PRESIDENT FUNKHOUSER appointed Dr. A. L. MELANDER to serve as official 
delegate at the Conference on Science, Philosophy and Religion held in New York 
City in September, 1940. 

PRESIDENT FUNKHOUSER appointed Dr. CLARENCE E. MICKEL to serve as 
official delegate at the dedication of the Natural Resources Building of the State 
of Illinois on the campus of the University of Illinois on November 15, 1940. 


An Inter-American Congress of Entomology was suggested by the Eastern 
Branch of the American Association of Economic Entomologists with the proposal 
that it be held in the fall of 1941. PrEsipDENT FUNKHOUSER appointed the follow- 
ing committee to consider ways and means of holding such a Congress: Mr. C. F. 
W. MUESEBECK, chairman; Mr. JAMEs A. G. REHN, and Dr. C. T. BRUEs. 

PRESIDENT FUNKHOUSER appointed Dr. W. B. HERMs as chairman of a joint 
committee of the two entomological societies to make the local arrangements 
for the 1941 annual meeting to be held in California. 


The Executive Committee met at 2:00 P. M., December 29, at the Benjamin 
Franklin Hotel, Philadelphia, Pa., the following officers being present: W. D. 
FUNKHOUSER, JAMES A. G. REHN, ROBERT MATHESON and CLARENCE E. MICKEL. 
Two other members of the committee were present: R. C. OsBuRN and WILLIAM P. 
Hayes. The following alternates designated by the President, served in place 
of absent members of the committee: P. P. CALVERT and H. B. HUNGERFORD. 
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The following were elected to membership in the Society: 

ALLAN F. ARCHER, Museum of Natural History, University, Ala. 

ISABELLE BarirD, 307 Snow Hall, University of Kansas, Lawrence, Kans. 

HERBERT C. BARNETT, 10418 106th St., Ozone Park, N. Y. 

BERNARD BENESH, P. O. Box 159, North Chicago, Ill. 

BERNARD BROOKMAN, 112 Agricultural Hall, University of California, Berkeley, 
Calif. 

HaHN W. Capps, Division of Insect Identification, Bur. Ent. and P. Q., 
Washington, D. C. 

GEorGE F. CarTER, 2120 Commonwealth Ave., St. Paul, Minn. 

KENNETH B. M. Crooks, Hampton Institute, Hampton, Va. 

Murray Fattis, Ontario Research Foundation, Toronto, Ontario, Canada. 

RICHARD C. FROESCHNER, 414 Hitt St., Columbia, Mo. 

WILLIAM Don FRrROnNK, 1820 Grant Ave., Ogden, Utah. 

Ropert L. Furniss, 445 U. S. Court House, Portland, Ore. 

JoserH W. JOoNEs, 620 Seventeenth St., Knoxville, Tenn. 

THEODORE Kart Just, P. O. Box 126, Notre Dame, Indiana. 

KENNETH L. KniGut, Dept. of Entomology, University of Illinois, Urbana, Il. 

GERHARD P. KRETZSHMAR, Div. of Entomology, University Farm, St. Paul, 
Minn. 

W. Harry LANGE, JrR., 112 Agricultural Hall, University of California, 
Berkeley, Calif. 

Urtess N. LANHAM, Dept. Zoology, University of California at Los Angeles, 
Los Angeles, Calif. 

RANDALL Latta, Bur. Ent. and P. Q., Washington, D. C. 

CaLvIN E. PEDERSON, Dept. Entomology, Michigan State College, East 
Lansing, Mich. 

Lincotn C. Pettit, Washington and Lee University, Lexington, Va. 

Joun C. PritcHett, 422 Federal Office Bldg., Seattle, Wash. 

Pau. T. RiwerD, P. O. Box 71, Weslaco, Texas. 

HowAarRpD RADCLYFFE Roserts, Villa Nova., Penn. 

Louis M. Rorn, 351 East 45th St., Brooklyn, N. Y. 

JoE Scuunu, Dept. of Entomology, Oregon State College, Corvallis, Oregon. 

THEODORE O. THATCHER, Lehman Caves National Monument, Baker, Nevada. 

DoROTHYDEAN VIETs, 314 Snow Hall, University of Kansas, Lawrence, Kans. 

GeEorGE B. Voct, Dept. of Entomology, University of Maryland, College 
Park, Md. 

Otto E. WENGER, Dept. of Entomology, Kansas State College, Manhattan, 
Kans. 

RoGER W. WILLIAMS, 702 Pennsylvania Ave., Urbana, III. 

The total number of new members for the year 1940 is 39. 


The following members who previously resigned in good standing have been 
reinstated: FRANK C. FLETCHER and J. W. GREEN. 

The following have resigned during the year: MERLIN W. ALLEN, R. D. Brrp, 
LLoyp W. Brannon, F. Gray BUTCHER, HERBERT A. CRANDELL, L. E. DILLs, 
IrvinG B. Dosxin, Hstao-rANG FENG, Justus C. FRANKENFELD, THOMAS M. 
FREEMAN, Oscar H. HAMMER, THOMAS J. HEADLEE, JOHN R. JAcoB, MING-TAO JEN, 
Haro p C. Jones, SHizuo Kato, E. F. KNipLinc, FENG-SWEN Li, SHAO-WEN LING, 
Cui-yinGc Liu, CHuNG-Lo Liu, Kwan-st Liu, HstEN-cHEN Ma, Rosemary D. C. 
MartTIN, KENNETH E. MAXWELL, B. D. W. Mortey, W. S. REGAN, Horace J. 
SHIPMAN, CARRIE L. Stmons, M. W. Stone, Y. H. Tsou, JoseEpH E. WEss, Jr., 
H. R. Wits, A. M. WoopsipE, CHIA-HSIEN YEN and L. A. ZIMMER. 


The following have been automatically dropped from membership either 
because of failure for three or more years to pay dues or because they cannot be 
reached: O. S. BARE, VERNON A. BELL, M. S. BriscozE, CHARLES H. Hicks, 
Dororny D. Litrett, J. T. Ltoyp, R. O. MaLcotmMson, STANISLAW MINKIEWICZ, 
Yusuiro Miwa, J. G. SANDERS, WENDELL F. SELLERS, W. S. WoRMSER. 


The Executive Committee elected the following Fellows: H. W. ALLEN, W. V. 
BaLpur, MArsTON Bates, ERNEsT L. BELL, W. J. Brown, F. J. Butt, W. E. Dove, 
D. T. Futtaway, Wituis J. GertscH, W. A. HorrMan, F. P. Ine, J. F. ILtinc- 
worTtH, Maurice T. JAMES, GEORGE F. KNow.ton, B. J. LANpis, R. W. LErBy, 
A. W. LinpsEy, R. A. MuttKowsk!, J. A. NEtson, PAuL W. OMAN, ORLANDO 
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Park, H. L. Parker, J. B. PARKER, NELLIE M. PAyne, L. M. Peairs, Wo. 
Procter, H. A. SCULLEN, ALAN STONE and GEORGE C. WHEELER. 

The Society has suffered loss by death of the following seven members during 
the past year: W. S. BLATCHLEY, Epwin H. Epwarps, Frep W. MALLy, GRACE 
A. SANDHOUSE, E. P. VAN DuZEE, RALPH VorIs and CHARLES W. WoopwortTH. 

WILLis STANLEY BLATCHLEY, a member of our society since 1925, a Fellow 
since 1926 and an Honorary Fellow since 1932, was born at North Madison, Con- 
necticut, October 6, 1859, and died at Indianapolis, Indiana, May 28, 1940. His 
parents moved to Indiana a year after his birth. After several years of teaching 
as a young man, he entered Indiana University in 1883 and was graduated four 
years later. From 1887 to 1894 he was head of the Department of Science of 
Wiley High School at Terre Haute, Indiana, where he taught both physical and 
biological sciences. He was nominated and elected State Geologist of Indiana 
in 1894, a position which he held until 1911. From 1911 until his death he was 
free to do what he enjoyed most, the study of natural history. 

His published writings number 250 titles, several of which were books. The 
most notable of these in the entomological field are the ones dealing with 
Coleoptera, Orthoptera and Hemiptera. He served as President of the Indiana 
Academy of Science, the State Geologists’ Association of the Mississippi Valley, 
and the Indiana Conservation Congress. He was a Fellow of the Geological 
Society of America. The University of Indiana conferred the Honorary degree 
of Doctor of Laws upon him in 1921. 

The citation accompanying the conferment of this degree summarizes well 
the accomplishments of Dr. Blatchley, ‘‘successful teacher; leader in expeditions 
of scientific explorations; sixteen years an efficient officer of the state in the 
capacity of State Geologist; a life-long student of natural history; author of literary 
and scientific works; a nation-wide authority on beetles, weevils and locusts; one 
of the foremost naturalists of America; interpreter of Nature’s beauty in woodland 
and meadow, by wayside and stream, in stones and flowers.’’—J. J. Davis. 


Epwin HuGH Epwarps, a charter member of our society, died on September 8, 
1939, at Lakewood, Ohio, at the age of 72 years. He taught for many years at 
West High School, Lakewood, Ohio. A daughter, Julia A. Edwards, survives him. 

FRED WILLIAM MALLY, elected a member of our society in 1938, was born at 
Des Moines, Iowa, on November 30, 1868, and died at San Antonio, Texas, on 
May 7, 1939. He graduated from Iowa State College in 1887 and received the 
degree of Master of Science from the same institution in 1889. During the year 
1890 he was an assistant at the Illinois Natural History Survey and in 1891 became 
an assistant in the Bureau of Entomology with Dr. C. V. Riley. Mr. Mally was 
a pioneer entomologist in the State of Texas. He was the first Professor of 
Entomology at Texas Agricultural and Mechanical College, holding that position 
from 1899 to 1902. He also served as State Entomologist from 1909 until 1910. 
He established the first field station for observation and life history work on the 
boll weevil in the Colorado River bottom near Eagle Lake in Colorado county. 
He was at various times also a nurseryman and orchardist, 1903-1909, agricultural 
director for the Cross S Farming Co., 1910-1915, and county agricultural agent, 
1915-1939. Mr. Mally was president of the Texas Entomological Society, 1938-1939. 
He is survived by his wife, Mrs. Mattie Tabor Mally. 

GRACE ADELBERT SANDHOUSE, a member of our society since 1933, was born at 
Monticello, Iowa, June 1, 1896, and died at Denver, Colorado, November 9, 1940. 
She attended the University of Colorado, specializing in entomology and more 
particularly in the taxonomy of the bees under the direction of Professor T. D. A. 
Cockerell, and graduating with the degree of Bachelor of Arts in 1920. From 
1922 to 1924 she held a fellowship in entomology at the same institution and 
received the degree of Master of Arts in 1923. In the autumn of 1924 she accepted 
a teaching fellowship at Cornell University and the following year entered the 
federal service as Senior Scientific Aid in the Federal Horticultural Board, with 
headquarters at Washington, D. C. In 1926 she transferred to the Bureau of 
Entomology as Junior Entomologist, being assigned to the unit now known as the 
Division of Insect Identification as a specialist in the identification and classifica- 
tion of bees. Here she remained until the time of her death, her assignments 
having in the meantime been extended to include other groups of the aculeate 
Hymenoptera and the sawflies as well. In 1928 she was made Assistant Ento- 
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mologist and in 1937 was advanced to the grade of Associate Entomologist. Asa 
taxonomist Miss Sandhouse takes high rank. Exceptionally acute in her inter- 
pretation of the significance of taxonomic characters and always conscious of the 
need for comprehensive studies as opposed to scattered and unrelated descriptions 
of new species, she had acquired an international reputation in her special field. 
Her published contributions consist principally of important revisional treatments 
of various groups of bees and include a comprehensive work on the classification 
of the North American bees of the genus Osmia, which was accorded the honor 
of being published as Memoir Number 1 of the Entomological Society of Wash- 
ington in 1939. Another particularly significant work which was completed 
shortly before her death, but is not yet published, is a catalogue of the genotypes 
of the bees of the world. Possessed of delightful personal qualities and always 
most generous in her professional relations with other workers she endeared 
herself to all who had the privilege of associating with her in any way. Her 
untimely death has interrupted a career that was certain to contribute importantly 
to a better understanding of the classification of the aculeate Hymenoptera. 


—C. F. W. MUESEBECK. 


EDWARD PAysoN VAN DUZEE, a charter member of our Society and a Fellow 
since 1912, was born in New York City on April 6, 1861, and died at Alameda, 
California, June 2, 1940. When he was but a year old his parents returned to their 
Buffalo, New York, home, where the subject of our sketch spent his boyhood and 
much of his manhood. Being reared with a scientific background furnished by 
his father he learned a great deal about natural history, geology, and astronomy 
in particular. He also had lessons in entomology from the eminent lepidopterist, 
A. R. Grote, and upon the recommendations of the latter he took up the study of 
the Hemiptera as an adjunct to his regular work as Librarian in the Grosvenor 
Library of Buffalo, which he entered as an assistant in 1885 and was head librarian 
from 1895 to 1912. His first entomological contribution, including observations 
on moths feeding on aphid honeydew, appeared in the Canadian Entomologist in 
1885, and his first paper on Hemiptera was an observation on the occurrence of 
the chinch bug at Buffalo in the same journal in 1886. Through correspondence 
with P. R. Uhler he received much aid and encouragement, and his 250 papers 
published chiefly on the Hemiptera testify to his industry and constancy 
throughout the 79 years of his busy life. Because of threatened ill health he 
moved to southern California in 1912, where he was librarian at the Scripp 
Institution of Oceanography at La Jolla, 1913-1914. In 1914 he accepted a position 
in the Division of Entomology, University of California, Berkeley, where he 
completed and published his Catalogue of the Hemiptera. In 1916 he became 
librarian and curator of entomology at the California Academy of Sciences, San 
Francisco, in which position he remained until the time of his death. Under his 
curatorship 18 important large private collections were added to those of the 
Academy including his own collection and the large numbers of species collected 
on the many expeditions conducted by Van Duzee and his assistants. 


In hemipterology he became one of the leaders in North America and described 
895 new species and subspecies and new genera, and 33 higher categories. For 
him were named 2 genera and 33 species of Hemiptera, 2 Arachnida, 2 Orthoptera, 
11 Coleoptera, 6 Lepidoptera, 11 Hymenoptera, and 12 Diptera. He was one of 
the founders of the Pan-Pacific Entomologist and its editor from 1924 to 1939. 
He was a member of the American Entomological Society, American Association 
of Economic Entomologists, Brooklyn Entomological Society, Cambridge 
Entomological Society, Entomological Society of Ontario, Kansas Entomological 
Society, and many academies and other societies. He is survived by a son, 
Edward Heath, of Buffalo, New York, and a daughter, Mable, of Boulder, Colo- 
rado, both children by his first wife, and by his second wife, Mrs. Helen Van 
Duzee, of Alameda, California.—E. O. Essic. 


RALPH VoRIS, a member of our society since 1927, was born at Newkirk, 
Oklahoma, on June 23, 1902. After a protracted illness, he died at the age of 38 
in St. Louis, Missouri, on May 9, 1940. His undergraduate work was done at 
Southwestern College, Winfield, Kansas; he took his Ph.D. in 1928, in a problem 
on staphylinid beetles, at Indiana University. For twelve years he taught in the 
biologic sciences at Southwestern State Teachers College, Springfield, Missouri. 
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In three of his summers he taught elsewhere, at Ball State Teachers College in 
Indiana, and at the College of the City of New York. Assuming his teachers 
college responsibilities in a way which won him the respect of his students, of the 
college faculty, and of the Springfield community at large, he nevertheless found 
time to push an extensive program of work on the biology and taxonomy of his 
beetles. He did field work which spread from Ohio and Florida to California; 
and he built up a collection of material which was especially rich in series showing 
individual and local variation, and replete with adults which he had become 
expert in rearing from larval stages. There was in preparation a series of mono- 
graphs on the genera Philonthus, Staphylinus, and Quedius. His interest in 
larval stages would have found fruition in an important body of data on the biology 
of these supposedly scavenger, but in reality predaceous insects, and on phylo- 
genetic studies correlating larval and adult characters. He was expert in the 
technical manipulation of this material. Chiefly because of the difficulty in 
finding means of publication, the studies had only started into print before his 
untimely death. There remain large files of unpublished manuscript, hundreds 
of finished drawings, and other records of extensive investigations. The whole 
is now under the administration of Dr. A. C. Kinsey, at Indiana University. 
Many of Dr. Voris’ friends had benefited by his willingness to spend long hours 
in the field collecting material for their studies. He took an active interest in 
local college and community organizations, and particularly in the Missouri 
State Academy of Science, in the State Audubon Society, and in the development 
of a nature study program in the State Park system. His hobbies included hunting 
and fishing, and the mechanical crafts which he developed at home. He was kind 
and considerate of others, he possessed a rich store of humor, and he had a rare 
common sense which made him an invaluable companion on field trips. He 
was adept in meeting the back-country natives with whom scientific expeditions 
have to make contact. At perverse moments, when earth and sky and human 
elements combined to make field work difficult, he showed an abundance of such 
common sense as pulls an expedition through to success. In this labor for others 
in the field, his friends recognize a scientific contribution as important as his 
specific studies on the staphylinid beetles —ALFRED C. KINSEY. 


CHARLES WILLIAM WoopworTH, a member since 1917 and an Honorary Fellow 
a e 1939, was born at Champaign, Illinois, April 28, 1865, and died at Berkeley 
California, November 19, 1940. He was educated in Illinois and graduated from 
the University of Illinois with the degree of B.S. in 1885 and M.S. in 1886. From 
1884-1886 he was an assistant to S. A. Forbes; from 1886-1888 and 1900-1901 he 
did graduate work at Harvard University under H. A. Hagen; 1881-1891 entomol- 
ogist and botanist, Arkansas Agricultural Experiment Station; 1891-1904 assistant 
professor, 1904-1913 associate professor, 1913-1930 professor, and 1930-1940 
emeritus professor of entomology, University of California. In addition he held 
the following appointments: 1900, lecturer on comparative anatomy, Hahnemann 
oe College of San Francisco; 1918, lecturer, University of Nanking, China; 
1922-24, director, Kiangsu Bureau of Entomology and honorary professor of 
entomology, National Southwestern University, Nanking, China; 1930-1932 
chief entomologist, California Spray Chemical Company, Berkeley; 1934-1935, 
private lecturer on optics at Rochester, N. Y. He was an entomologist, mathe- 
matician, chemist, physicist, explorer, and inventor, and he was also much 
interested in religion, chess, shorthand, and history. In entomology his first 
paper was on the Jassidae of Illinois in 1887. In systematic entomology he also 
contributed papers on such subjects as the cicadas, gr rasshoppers, butterflies, ‘‘A 
List of the Insects of California’ (1903), ‘‘Wing Veins of Insects’’ (1906), “Synopsis 
of the Families of Insects’’ (1909), ‘‘Laboratory Note Book a Entomology,’ 
“Guide to California Insects’’ (1913). On the general subject of economic ento- 
mology he made large contributions in the form of circulars, bulletins, reports, and 
articles to periodicals. He published extensively on the codling moth, grape 
leafhopper, grasshoppers, peach borer, peach twigborer, tussock moth, sericulture, 
apiculture, red spiders, sprays, HCN fumigation, and tent leakage. He wrote 
and proposed the first California State insecticide law which was passed in 1911 
and administered it until 1923. In mathematics he published logarithm tables, 
five-place arcs, sines and cosines for machine calculation interpolating to eight 
and many others. In physics he has published ‘‘Contribution to the Optics of 
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the Microscope’’ (1919) and ‘‘Microscope Theory”’ (1924). He was a very energetic 
and indefatigable worker and his only recreation was to turn to some other kind 
of employment. He was married twice; first, to Leanora Stern (born 1869, died 
1924) on September 4, 1889, and to whom were born three sons: Lawrence, Harold 
Evans, and Charles Edward, and a daughter, Elizabeth Woodworth Plass, all of 
whom survive him; and second, to Bernice Christopher in 1926. The latter died 
in 1930. Professor Woodworth also was a member of the Cambridge Ento- 
mological Club, Pacific Slope Association of Economic Entomologists (founder 
and president), American Association of Economic Entomologists (charter mem- 
ber), and the American Association for the Advancement of Science. 


—E. O. Essie. 


Following the reading of these brief memorials the members stood in silence 
in memory of the seven who have died during the past year. 

The total membership on December 31, 1940, is 961. 

The following were elected by the Executive Committee to the Editorial 
Board of the Annals for the term expiring December 31, 1943: ARTHUR GrBsoN, 
GrEorGE F. KNowLton and T. H. HuBBELL. 

The following were elected by the Executive Committee to the Thomas Say 
Foundation Committee for the two year term ending December 31, 1942: GEoRGE 
P. ENGELHARDT and C. F. W. MUESEBECK 

The Executive Committee voted to contribute $50.00 to the Zoological Society 
of London for the support of the Zoological Record. 

The Executive Committee elected H. H. Ross to the Joint Committee on 
Insect Collections for the three year term ending December 31, 1943. 

The Executive Committee authorized the payment of the expenses of the 
Secretary to the annual meetings. 

The Executive Committee voted to hold the 1941 Annual Meeting at San 
Francisco, California. 

The Executive Committee adjourned at 4:30 P. M. 

Respectfully submitted, 
CLARENCE E. MICKEL, Secretary. 


On motion the Secretary’s Report was accepted and the recom- 
mendations of the Executive Committee adopted. 


REPORT OF THE TREASURER 
CURRENT FUNDS 
RECEIPTS 
Balance on hand in Bank, December 20, 1939 (See Annals, Vol. 33, p. 219) $2,048.21 
From Annual Dues of Members to December 20, 1940. . 3,253 .92 
From CLARENCE H. KENNEDY, Managing Editor of Annals...... 600 .00 
From Five Life Memberships, J. LINSLEY GREssITT, Joun D. MapPLe, 


J. W. BaiLey, Horace TELFORD and WILFRED SHOCKLEY... 250 .00 
From Sale of Three Membership Lists sje ‘ 3.00 


Total a dues . .$6,155.13 
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EXPENDITURES 


Postage, including 3,000 three-cent stamped envelopes and 1,000 one and 


one-half-cent stamps. .. $ 118.28 
Spahr and Glenn Printing Co., Printing December, 1939, and March, 

June and September, 1940, Annals 3,490.79 
Letterheads for President and Secretary-Treasurer and stamped 

envelopes for President. 15.75 
Printing Preliminary Announcements, Blank Forms and Programs 115.75 
Clerical Services.............. 43 .00 
Biologist’s Smoker, Columbus Meeting 10.00 
Contribution to Zoological Society of London for Zoological Record 50.25 
Expenses in connection with Columbus Meeting 5.50 
PI sao Sse cnrtaaetekew Kae 1.86 
Travel expenses of Secretary- -Treasurer to Columbus Meeting 37.90 
Checks returned by Bank.... e 4.00 
Exchange on Checks at Bank 32.85 


Transfer of Life Membership Payments to Permanent Fund of J. LINSLEY 
Gressi1T, JoHN D. Mapte, J. W. Battey, Horace TELForD, and 


WILFRED SHOCKLEY... -ree 200.00 
Total.. , $4, 175 93 
Balance in checking account, December 20, 1940 ‘ 1,979 20 
Total..... $6, 155. 13 


LIABILITIES 


The Society owes the publishers for the December, 1940, Annals. Of the 
above cash receipts for dues $1,325.00 is for 1941 and other dues paid in advance. 


PERMANENT FuND 


RECEIPTS 
Balance in Savi ings s Account, December 20, 1939.....................00. $3,255.60 
Interest on Savings Account, December 20, 1939, to December 20, 1940. . 32.94 
Interest on Liberty Bond 45554-D. T ee 1.44 
From Five Life Memberships 250.00 
Total...... $3,539.98 


EXPENDITURES 


(None) 
Balance in Savings Account, December 20, 1940.......... $3,539.98 
One Liberty Bond, 45554-D....... 50.00 
Balance in Permanent Fund... $3, 589 98 
RESOURCES 
Liberty Bond, 45554-D....... ; -$ 50.00 
Balance in Savings Account. . 3,539.98 
Balance in Checking Account i . 1,979.20 
TONBN vi56 sci itetecntan apes cia es . $5,569.18 


Respectfully submitted, 
CLARENCE E. MICKEL, Treasurer. 


On motion the Treasurer’s Report was accepted, subject to the 
approval of the Auditing Committee. 
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REPORT OF THE MANAGING EDITOR OF THE ANNALS 


The Annals for 1940 will be about 800 pages in length. The Managing Editor 
admits one error of judgment. In March there was no manuscript on hand. 
Among the papers to come in shortly after this scarcity were three of unusual 
length. Under the worry of a dearth of material all three were accepted. Very 
soon the annual crop of shorter articles appeared. By the June issue, 1941, this 
over stock will have been absorbed. This error has temporarily lengthened the 
time between acceptance and the publication of articles. 

The receipts in this office are about $28.00 less than for 1939. Wars and rumors 
of war account for this. We expect a greater drop for 1941. 

The quality of offerings continues at a high level which speaks well for the 
development of a sound science of entomology in America. 

The financial summary follows: 


RECEIPTS 
Non-member subscriptions. $ 919.01 
Sale of back numbers 173.33 
From authors for cuts . 550.70 
Bank balance from 1939 92.69 


Total $1,735.73 


EXPENDITURES 
To engravers noe Pia Soa a: a oss deo wae cee 
Office help . 300.00 
Postage. . 96 .37 
Miscellaneous 149.67 
To Secretary-Treasurer . 600.00 
Bank balance December 20, 1940 59.72 
Total. $1,735.73 
Respectfully submitted, 
CLARENCE H. KENNEDY, Managing Editor. 


On motion the Report of the Managing Editor was accepted, subject 
to the approval of the Auditing Committee. 


REPORT OF THE TREASURER OF THE THOMAS SAY FOUNDATION 
RECEIPTS 

Balance on hand, December 26, 1939 $248 .55 
1940 sales of Volume I (1 copy). 3.00 
1940 sales of Volume II (4 copies) 18.00 
1940 sales of Volume II (1 copy) 5.00 
1940 sales of Volume III (3 copies) 10.80 
1940 sales of Volume III (4 copies) 16.00 
Interest on Savings Account, January 1, 1939, to June 29, 1940 7.41 


Total $308 .76 


EXPENDITURES 
Postage $ 1.38 


Total. . nea NS : 3 ..$ 1.38 
Balance in Purdue State Bank, December 10, 1940..... . .$307 .38 


Respectfully submitted, 
J. J. Davis, Treasurer. 


On motion the Report of the Treasurer of the Thomas Say Founda- 
tion was accepted, subject to the approval of the Auditing Committee.’ 








268 Annals Entomological Society of America [Vol. XXXIV, 


PROFESSOR J. J. DAvis personally gave a verbal report regarding the proposed 
publication of a fourth volume in the Thomas Say Foundation Series. He 
described a very desirable manuscript being considered for publication and 
requested the Society to assist in financing the publication of the fourth volume 
by a loan to the Thomas Say Foundation from the Permanent Fund of the Society, 
the loan to be repaid from the proceeds of the sale of said volume. 


On motion this request was referred to the Executive Committee 
with full power to act. 


REPORT OF THE AUDITING COMMITTEE 


We, the undersigned members of the Auditing Committee, beg to report that 
we have carefully examined the accounts of the Treasurer of the Society, the 
Managing Editor of the Annals and the Treasurer of the Thomas Say Foundation 
for the year 1940, and have found them to be correct and properly balanced. 

Respectfully submitted, 
ALVAH PETERSON, Chairman, 
B. E. MONTGOMERY, 
A. C. Hopson. 


REPORT OF THE REPRESENTATIVE TO THE COMMITTEE ON 
AGRICULTURE OF THE NATIONAL RESEARCH COUNCIL 


Your representative has had considerable correspondence with Dr. R. F. 
Griggs, Chairman, concerning various problems affecting or which might affect 
entomologists during the present preparations program as well as the European 
war situation. Among the topics discussed were: 

1. The possibilities of the registration of all scientific men in the country—a 

matter proposed by the Council. 
2. The place of the entomologist in any preparedness program; 

Agricultural Entomology and crop production; 

Systematic Entomology in relation to the determination of all insects 
involved in agricultural, medical and veterinary investigations; 

Medical Entomology and camp sanitation; 

Veterinary Entomology in relation to meat production and livestock. 

3. Need for the establishment of manufacturing facilities in this country for 

(1) Insect pines; (2) Microscope slides and cover glasses; (3) Other 
entomological supplies normally imported from foreign countries. 

The manufacture of microscopic slides and cover glasses in particular has been 
canvassed and several concerns are looking into the matter. 

Respectfully submitted, 
E. O. Essic. 


On motion this Report was approved and placed on file. 


REPORT OF THE OFFICIAL DELEGATE TO THE EIGHTH AMERICAN 
SCIENTIFIC CONGRESS 


It was an honor and pleasure to have been entrusted with the duties of repre- 
senting the Entomological Society of America at the Eighth American Scientific 
Congress. I was also designated by the Secretary of State as one of the members 
of the Advisory Committee. In these official capacities I took part in the sessions 
of the biological section and also participated in the voting for the official resolu- 
tions asked by the Congress which undoubtedly will serve as a further step in 
developing closer cultural relations between the countries of the Western Hemi- 
sphere. Such a solidarity of the nations of the New World in these times acquires 
a particularly significant importance. 

Acknowledging the invitation to become a member of the Advisory Committee 
I wrote to the Secretary of State a letter on April 6th which contained the fol- 
lowing suggestions: 

‘First: Biological problems pertaining to North and South America are so 
intimately interwoven that they should be examined from the point of view of 
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many aspects common to both continents. Distributional, systematic, and eco- 
logical matters pertaining, in particular, to the fauna and flora of the more 
southern states of North America could actually not be interpreted without 
correlation with the natural history of Central America and South America. 
Programs for joint and interrelated research should be encouraged. 

“‘SEconpD: In the educational field, one could not stress sufficiently the desir- 
ability of a closer co-operation between the museums of this country and those of 
our neighbors on the south. An exchange of experience, material, services, and 
even personnel might develop on a more regular and permanent basis for the 
extension of functions of the American Association of Museums than instances of 
cordial, but casual co-operation prompted by the individual initiative of separate 
institutions and individuals. Such policies could become more prevailing, and 
ties could be made closer, to the mutual advantage of our Association of Museums 
and sister institutions in Central and South America. Even if a more formal 
rapprochement would be considered premature, the practical avenues could be 
broached during this conference. 

‘Both in the field of scientific research and education, this Congress will give 
an excellent occasion for the representatives of the several nations of the Western 
Hemisphere to state in an authoritative way the community of cultural interests 
of the countries of both Americas. A restatement of such a solidarity which rests 
on traditional, historical, and ideological foundations will occur at an especially 
propitious moment in view of the present international situation. The Congress 
will lift the torch of science over the troubled sea of current conflicts as a beacon 
calling for peaceful progress. This assembly will not only help to express points 
of view of vital importance for the countries of the New World, but will promulgate 
a message and challenge of far-reaching beneficial bearing on cultural human 
relationship at large. These aspects will doubtless be effectively emphasized in 
the course of the regular sessions and the public functions of a more general nature 
held during this significant gathering and anniversary celebration.”’ 

In response to my letter I received an answer informing me that my recom- 
mendations had been made known to the Chairman of the biological and educa- 
tional sections. 

Respectfully submitted, 


A. AVINOFF. 


On motion, this Report was accepted and placed on file. 


REPORT OF THE COMMITTEE APPOINTED TO CONSIDER A PROPOSAL 
TO HOLD AN INTER-AMERICAN CONGRESS ON ENTOMOLOGY 
IN 1941 


Your committee, with all members present, met with a similar committee of 
the American Association of Economic Entomologists at Philadelphia, on 
December 29, 1940. 


It was the sense of this meeting that, while it does not seem practicable to 
hold an Inter-American Congress on entomology in 1941, the proposal is worthy of 
further consideration. More extensive study of the matter is necessary than 
has been possible during the brief period since the appointment of the committee. 
It is, therefore, recommended that the President of the Society name another 
committee to explore the practicability of the proposal thoroughly during the 
coming year and to report back to the Executive Committee at the next annual 
meeting. 

Respectfully submitted, 
C. F. W. MuESEBECK, Chairman, 
C. T. BRUuEs, 
JAMEs A. G. REHN. 


On motion the Report of this committee was approved and placed 
on file. 
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REPORT OF THE COMMITTEE ON ADVANCEMENT OF 
OFFICIAL ENTOMOLOGY 


The business of this committee is to keep a constant watch on the field of 
official entomology for the purpose of anticipating the needs and opportunities for 
official entomology as the trends appear. 

The outbreak of the second World War has created a situation very similar 
to that brought into being by the outbreak of the last World War. The male cit- 
izenry of this country between the ages of 21 and 35 inclusive has been registered 
for defense service and the question of whether entomologists can best serve their 
country through defense employment along the lines of their specialized training 
has arisen. At the present time both public and official opinion are in agreement 
that they will be most useful along lines of their special training. With this idea 
in mind the National Resources Planning Board and the United States Civil Service 
Commission are developing a roster of scientific and specialized personnel for the 
purpose of providing a comprehensive list of highly trained Americans possessing 
special abilities in their respective fields. Two questionnaires, one of a general 
nature and the other of a special nature, the latter including entomology, are being 
circulated co-incidently. 

It is recommended by your committee that this action on the part of the 
National Resources Planning Board and the United States Civil Service Com- 
mission be given unqualified approval by the membership of the two entomological 
societies. 

Mr. E. R. Sasscer in his Presidential Address, which was published February, 
1940, in No. 1, Volume 33 of the Journal of Economic Entomology, after reviewing 
invasions and attempted invasions of the United States by foreign insects, pro- 
posed a three-fold plan of defense. According to Sasscer, the first line should 
consist of a group of scout entomologists, who should investigate and gather data 
concerning the prospective invaders in those parts of the world in which they are 
at present active. The second line of defense should be located at the ports of 
entry of the United States where a group is engaged in the prevention of successful 
debarkation of the invaders. The third line of defense consists of official and 
private entomologists practicing their profession in the employ of industry, Fed- 
eral government and the States. Sasscer was apparently led to make this proposal 
by his intimate study of the problems of insect control in the country in general 
and specifically by his intimate connection with and knowledge of the problems as 
eral government and the States. Sasscer was apparently led to make this proposal 
by his intimate study of the problems of insect control in the country in general 
and specifically by his intimate connection with and knowledge of the problems as 
they appear in the second line of defense. 

In his address Mr. Sasscer placed his finger on the all important point in insect 
control in the United States in these words: ‘‘To be effective this three-fold 
defense should have behind it the full power and purpose of the people.’’ The 
point that your committee wishes to bring before you is clearly set up in this 
quotation. The problem is how to get the full power and purpose ot the people 
behind an adequate program. Your committee knows no better way of accom- 
plishing this result than public education in these matters. Public education 
assumes many forms, such as newspaper articles, magazine stories, public lectures 
and last, but not least, dramatically written, interesting books. Of all these 
agencies the popular written book or books is probably in the long run by far the 
most effective. It is the most effective because it has continuing action. News- 
paper articles, public addresses and magazine stories are soon forgotten but the 
reader comes back time and again to the good, well written and well distributed 
book or books. Your committee believes that the book or books needed for this 
job are not primarily technical, but popular. The numerous economic and general 
entomology books with which our shelves are lined are not suitable for this pur- 
pose. Such a book as Dr. Howard’s ‘‘Insect Menace’’ more nearly approaches 
the needs of the case. 

Your committee, therefore, wishes to recommend that the two entomological 
societies endorse an effort of this kind and place this responsibility in the hands of 
an appropriate committee. Respectfully submitted, 

GerorGE A. DEAN, Chairman, 
Tuomas J. HEADLEE 
FRANK N. WALLACE. 
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On motion the Report of this Committee was approved and placed 
on file. 


REPORT OF THE COMMITTEE ON RESOLUTIONS 


1. WHEREAS, the arrangements for the program, business meetings and 
entertainment for the 35th Annual Meeting of the Entomological Society of 
America have been so efficiently handled, 


Therefore, Be It Resolved, that our Society extend its deep appreciation to the 
local committee on arrangements, composed of C. H. HADLEY, Chairman, U. S. 
Bureau of Entomology and Plant Quarantine; A. GLENN RICHARDs, JR., Univer- 
sity of Pennsylvania; C. A. CLARK, U.S. Bureau of Entomology and Plant Quaran- 
tine; H. F. Dietz, E. I. DuPont deNemours and Co., Inc.; and James A. G. REHN 
of the Academy of Natural Sciences in Philadelphia and the American Entomo- 
logical Society; and to the management of the Benjamin Franklin Hotel, where 
the meetings have been held; 


Be It Also Resolved, that the Society express its thanks to Dr. R. E. Snodgrass 
for his most interesting and scholarly address, ‘‘The Evolution of the Arthropods,”’ 
to the Academy of Natural Sciences of Philadelphia and to the American Ento- 
mological Society for the excellent accommodations provided for the annual 
public address and the delightful informal reception and open house held in 
connection with this event. 

2. WHEREAS, the success of a scientific organization depends upon the 
decisions and actions of its officers and since during the past year our Society has 
continued to maintain its high ideals, standards and efficient, forward-looking 
administration, 


Therefore, Be It Resolved, that the Society extend our sincerest thanks to 
W. D. FunKuouser, President; CLARENCE E. MICKEL, Secretary-Treasurer; and 
CLARENCE H. KENNEDY, Managing Editor of the ‘‘Annals of the Entomological 
Society of America,’’ and all other officers of the Society. 


3. WHEREAS, the joint symposium, arranged by the American Association of 
Economic Entomologists and the Entomological Society of America is one of the 
highlights of the entomological meetings and does so much to cement the cordial 
working relations between entomologists in all fields of endeavor, 


Therefore Be It Resolved, that our Society extend its thanks to those partic- 
ipating in the 1940 symposium and that the officers for the coming year, if possible, 
be instructed to make arrangements for another symposium for the 1941 meeting, 
concerning some broad phase of entomological activity. 


4. WHEREAS, the training of Entomologists involves a considerable invest- 
ment of State and National funds, and the subject matter of entomological work 
and investigations have a vital bearing on our National welfare and economy, 


Therefore, Be It Resolved, that our officers for the coming year be instructed 
to take any action as is deemed desirable to keep such trained individuals in 
productive entomological pursuits. 


5. WHEREAS, during the past year our Society has suffered the loss of the 
following members: W. S. BLatcHLEY, Epwin H. EpWArRDs, FRED W. Matty, 
Grace A. SANDHOUSE, E. P. VAN DuzEE, RALPH Voris, and CHARLES W. 
WoopwortH, 


Therefore, Be It Resolved, that the Society go on record as acknowledging our 
loss and instruct the Secretary to send a note of sympathy to the nearest surviving 
relatives. 

Respectfully submitted, 


T. H. Frison, Chairman, 
C. P. ALEXANDER, 
E. A. RICHMOND. 
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REPORT OF THE NOMINATING COMMITTEE 


Your Committee places in nomination the following Fellows of the Entomo- 
logical Society of America, to fill the designated vacancies for the year 1941: 
President—W. B. HERMs. 
First Vice-President—A. C. BAKER. 
Second Vice-President—R. H. PAINTER. 
Secretary-Treasurer—CLARENCE E. MICKEL. 
One Member of the Executive Committee to Serve Until 1948—C. F. W. 
MUESEBECK. 
Councilors to the American Association for the Advancement of Science—S. E. 
FLANDERS and G. A. DEAN. 
Respectfully submitted, 
E. M. WALKER, Chairman, 
H. B. HUNGERFORD, 
R. E. SNopDGRAss. 


On motion the Report of the Nominating Committee was accepted 
and the Secretary instructed to cast a ballot for the election of the 
persons nominated. This being done, they were duly elected. 

The newly elected President and First Vice-President not being 
present, retiring President W. D. FUNKHOUSER called Dr. R. H. PAINTER 
to the chair to assume the duties of presiding officer. 

At the call for new business Dr. H. M. PARSHLEY being recognized 
by the chair, gave a brief summary of the present status of the ‘General 
Catalogue of the Hemiptera.”’ He stated that manuscripts for addi- 
tional parts were at hand and that the prospects for resumption of 
publication in the near future were bright. 

Following the transaction of the above business, the meeting 
adjourned. 


The following exhibits were on display in rooms near the meeting 
place of the Society. 


1. Interrelations of Factors in Resistance of Plants to Insect Attack. REGINALD 
H. PAINTER, Kansas State College, Manhattan, Kansas. 

2. Equatorial African Ant Nests. NEAL A. WEBER, University of North Dakota, 
Grand Forks, North Dakota. 

3. Experiments in the Sectioning of Chitin. RaLtpH L. CHERMocK, Duquesne 
University, Pittsburgh, Pennsylvania. 

4. Insect Whole-Mounts in Isobutyl Methacrylate. Ratpn L. CHERMOCK, 
Duquesne University, Pittsburgh, Pennsylvania. 

5. New and Improved Trap Light. RicHarp Lewis Post, Oregon Agricultural 
College, Corvallis, Oregon. 

6. Visual Aids in Teaching Entomology. RicHarp Lewis Post, Oregon Agricul- 
tural College, Corvallis, Oregon. 

7. Equipment Used for Photography of the Male Genitalia of Coccinellidae. 
H.R. DopceE, Clintonville, Wisconsin. 

8. Lepidoptera Collection in Transpar Mounts. Otro ACKERMANN, Irwin, 
Pennsylvania. 


Respectfully submitted, 
CLARENCE E. MICKEL, Secretary. 


BOOK NOTICES 


THE BIOLOGICAL CAMPAIGN AGAINST PRICKLY PEAR, by ALan P. 
Dopp. 177 pages, colored frontispiece, folding map, 36 pp. of photographs 
also many tables and graphs; 944 x 64% inches. 1940. Published by the 
COMMONWEALTH PRICKLY PEAR BoarpD, Brisbane, Queensland, Australia. 


This is a volume on successful applied ecology, in this instance the relationship 
of insects (and disease) to plants of the cactus family. In early years various 
Opuntia were introduced into Australia for hedges and as hosts of the cochineal 
bug. By 1920 cacti had spread over an area 800 miles long and 300 miles wide. 
Tracts of the best land fifty by one hundred miles in extent were solid masses of 
impenetrable cactus growth. The probable cost of a first poisoning or a 
mechanical clearing was estimated at a half billion dollars, five to one hundred 
dollars an acre on land that normally sold at less than five dollars an acre. The 
prickly pear took its toll in ‘‘revenue, homes and even lives.” 

The only answer appeared to be the importation of the insects that controlled 
these plants in their native areas, the warmer parts of the Americas. In 1920 the 
Government appointed the Commonwealth Prickly Pear Board. The first 
steps taken by the board were to send entomologists to study prickly-pear enemies 
in America and to establish bases for breeding of the imported agencies in 
Australia. Its policy comprised: 

a. Search for and investigation of all insects attacking prickly-pears and 

other cacti in North and South America; 
Survey of plant disease organisms attacking cacti; 
Study of life history and habits of the insects; 
. Selection of insects of greater potential value; 
Investigation of the food-plant restriction of prickly-pear insects, including 
starvation tests on plants of economic importance; 
Collection in America of stocks of the selected insects and their transport 
to Australia; 

g. Acclimatisation in Australia of the introduced insects; 

h. Large-scale rearing in Australia of selected insects; 

i. Study of the progress of introduced insects. 

Approximately 150 species restricted to feeding on Cactus were found. Over 
500,000 individual insects were sent from the Americas. By 1925 the cactus-eating 
moth from Argentina, Cactoblastis cactorum, had shown its great ability as a 
destroyer. Its larvae were gregarious. Eggs were laid in easily collected 
“‘sticks’’ or strings. In the three years, 1928-1930, about three billion eggs were 
“‘released’’ in the prickly-pear territory. Cactoblastis was attacked by birds, 
ants and twenty parasitic insects, but at all times multiplied in spite of its enemies. 
By 1940 the entire area had been reopened to settlement. In Queensland alone 
22,000,000 acres of former dense pear country have been selected for settlement. 
The — expense of prickly-pear control has been approximately £168,600 
($809, 2: 

The cule of the survey in the Americas is little known to U. S. entomologists 
as it was mostly south of the United States. All cactus growing areas of any 
extent were visited from our Mexican border to Argentina and Chile. As the 
success of Cactoblastis began to stand out these and other insects were furnished 
to South Africa, Ceylon, Dutch East Indies and New Caledonia where similar 
problems occurred. 

The first investigations in America, 1920-22, centered at Uvalde, Texas, and 
were in charge of the American entomologist, J. C. Hamlin who, in 1923-24, was 
in charge of all investigations. 

The contents of this remarkably interesting volume are arranged under the 
following heads: I. General, and Summary; II. The Prickly Pears; III. The 
Board and Its Policy; IV. The Cactus Insects; V. Plant Diseases of Cactaceae; 
VI. Host Limitation Aspect; VII. Establishment of the Insects; VIII. Cacto- 
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blastis cactorum and its Control of the Prickly Pear; IX. Enemies of Cactoblastis 
and Other Control Factors. Appendix, Personnel of Board, Its Staff. Literature. 
“The Biological Campaign Against Prickly Pear’’ will remain as one of the 
outstanding records in the annals of entomology. The work started with prac- 
tically no knowledge of cactus insects, covered all cactus growing areas in the 
three Americas and the West Indies, then passed to the other side of the world to 
save half a continent to profitable agriculture. We take pride in our science. 


—C. H. K. 


INSECT PESTS OF FARM, GARDEN AND ORCHARD, by LeEonarp M. 
Pears. 549 pages, 648 illustrations,6x9inches. Fourth Revised Edition, 
Jan., 1941. Published by JoHN WiLEy AnpD Sons, Inc., 440 Fourth Ave., 
New York City. Price, postpaid, $4.00. 
We have just space to call attention to the Fourth Revised Edition of the 
widely used text with which all American entomologists have been familiar in 
its three earlier editions.—-C. H. K. 


INSECT TRANSMISSION OF PLANT DISEASES, by JuLIAN GILBERT LEACH. 
Pages i-xviii and 1-615. 238 illustrations 6x9 inches. 1940. Published by 
McGraw-HI._ Book Company, New York and London. Price, cloth bound, 
$6.00. 


During the past few years one of the important subjects in agriculture which 
has been under investigation in the experiment stations throughout the 
world is the transmission of plant diseases by insects. The author of this book has 
been an active investigator in this field and has had an excellent opportunity to 
keep in touch with these developments as well as to greatly increase our knowledge 
of insect vectors through his continued research. 

The introductory chapter presents a history of plant pathology, its rapid 
development as a field of science and the present day emphasis on and importance 
of plant diseases. Insect transmission of plant diseases is pointed out as a border- 
line problem neglected by both entomologists and plant pathologists for a period 
of many years. This has led to confusion in the study of many problems of plant 
disease and their accompanying insect populations. In this connection the author 
points out the complexity often found in the phenomena of insect transmission and 
the influence of environmental factors upon the interaction of the plant, pathogen 
and the insect vector. 

The second chapter deals with the problems of plant and insect inter-relation- 
ships extending from the insects which destroy plants upon the one hand to plant 
diseases which destroy insects upon the other and dealing with symbiotic relation- 
ships as well as the important roll the insect plays as a vector in plant disease 
transmission. The problem of symbiosis and the role played by the insect in the 
spread and development of plant disease are further discussed in the succeeding 
chapters. One chapter is devoted to the disease conditions in plants caused by 
the direct injury or toxic injections or stimulations of insects made while feeding. 
These he groups under the term ‘‘toxicogenic insects.’’ Several chapters are then 
devoted to the inter-relationships of insect vectors and specific plant diseases, the 
causal organisms of which may be bacterial, fungus, virus, or protozoan. Mites, 
nematodes and other small animals are treated also as vectors of plant disease 
organisms. 

The chapters in the latter portion of this discussion deal with fundamental 
problems such as the physiologic conditions of plants and the physiologic condi- 
tions of insects in regard to the problem of transmission and inoculation of plant 
diseases. The insects’ habits are further discussed, particularly those which have 
to do with the puncturing of plant tissues either through the process of feeding or of 
oviposition. The author makes a very interesting comparison of the transmission 
of animal diseases by insects with those transmitted to plants. The last chapter 
is presented more for the experimental or research worker and considers the special 
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techniques and methods employed for the study of insect transmission of plant 
diseases. 

Each chapter is accompanied by a well selected bibliography. At the close of 
the discussion an appendix lists the more important insect transmitted plant 
diseases classified according to type, together with their insect vector classified 
to order. A glossary of the more important technical terms used is also appended. 

The book is a very comprehensive and excellent discussion of the problems in 
this field and serves two purposes: First it brings together in a well organized 
and thorough manner the work which has been performed to date by both plant 
pathologist and entomologist and presents the best summary of this field which 
has been published to date. Secondly it presents to the research worker tech- 
niques, methods and suggestions for experimentation in connection with unfinished 
or little known problems in this field.—D. M. DELonG. 


THE PARASITES OF MAN IN TEMPERATE CLIMATES, by Tuomas W. M. 
CAMERON. xii+182 pp. (6x 9 inches), illustrated. UNIVERSITY OF TORONTO 
Press, Toronto, Canada. 1940. Price, $3.00. 


The science of parasitology is, with few exceptions,- poorly developed or 
non-existent in the medical schools of the Northern United States and practicing 
physicians in this area give little or no attention to the subject. This predicament 
is largely due to a false feeling of security, which is that animal parasites are of 
no consequence here, and to the lack of a suitable text or guide book. Gradually 
it is being realized that diseases caused by parasitic animals are not confined to 
the Southern States and this book by Dr. Cameron provides a suitable text. The 
standard books on human parasitology are excellent but encyclopediac in nature 
and contain large sections of little use to the physician in the above mentioned 
area. Cameron's book is concerned with those parasites which are of importance 
in the temperate zone because they are of common occurrence and most of them 
damage their hosts. 

All of the major groups of animal parasites are included and therefore there is 
a section on each of the following: Protozoa, Helminths, Leeches, and Arthropods. 
Each section is introduced by a short presentation of miscellaneous outstanding 
features of anatomy and physiology of the group under consideration. The book 
is nicely balanced in that each species receives space in proportion to its impor- 
tance, thus 10 pages are devoted to malaria, 6 to pinworms, 6 to ascaris, 12 to 
trichina, 5 to fleas, etc. Potential parasites, those rarely found, those which 
cause no ill effects, and the ones restricted mainly to the tropics are either omitted 
or receive scant attention. Well known names such as Dientamoeba, Paragonimus, 
and Dracunculus are absent; African sleeping sickness is dismissed with three 
lines. Important parasites are treated in considerable detail with sufficient and 
useful information on diagnosis of infections, identification of specimens, biology, 
pathology, treatment, and preventative measures. This material is thoroughly 
up-to-date and this is evident in representative sections such as malaria, pinworm, 
trichina, swimmers’ itch, and ticks. A section on parasitological technique deals 
with methods of diagnosis, and preparation of specimens for study or preservation, 
all of which may be done in the average physicians’ laboratory. It should, per- 
haps, again be emphasized that this is a handbook or guidebook of practical and 
necessary information for the physician. There is a selected bibliography of 
standard reference works and a good index. 

The illustrations are well chosen, most are original, and they form a very 
important part of the book. They consist of a few line drawings, mainly diagrams 
of life cycles, and excellent photomicrographs of parasites and of lesions caused 
by them, and half-tone illustrations of arthropods. The book is printed on coated 
stock and all figures are bright and clear. 

The size of the book does not adequately indicate the amount of information 
it contains. The text and illustrations are arranged so as to avoid wasting space 
and they are integrated so that citations to the figures are not needed. Historical 
discussion, classification, and references to literature are omitted. Although 
briefness in style has been necessary no inaccurate statements were observed 
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although a few could arouse debates amongst parasitologists. The legend to the 
illustrations on page 84 is confused and one wonders why Ctenocephalus is used in 
preference to Clenocephalides. 

The section on Arthropods will be of particular interest to entomologists 
although many of the beautiful illustrations will be familiar through acquaintance 
with a bulletin published by the Dominion Department of Agriculture. 

C. E. VENARD. 


THE ODONATA OF THE PHILIPPINES, by JAmMes G. NEEDHAM and May K. 
Gycer. Part I. 1937. Part II. 1939. The Philippine Jour. Sci. 63 (1): 
21-101, 2 text figs., 10 pls.: 70 (3): 239-314, 1 text fig., 12 pls., 1034 x 734 
inches. Published by Bureau of Science, Dept. of Agr. and Commerce, 
Manila, Philippines. 

Over a year ago we asked a friend to review this work. Our friend has main- 
tained an air of being busy on other things so we return to our task. We apologize 
to the authors for the delay. 

Three explorations of unknown Odonate faunas stand out in our mind for the 
many remarkable forms that were uncovered. Three men had wonderfully 
interesting opportunities: Tillyard on the Australian fauna, Lieftinck on the East 
Indies fauna and Fraser on that of British India. The first real exploration of the 
Odonate fauna of the Philippines is a fourth such grand opportunity. Tillyard, 
Lieftinck and Fraser spent years in the field but the present authors were unfor- 
tunately so situated that they have depended on material that was collected by 
those inexperienced in field work on Odonata. In spite of this limitation which 
for a monographic work can be serious, the authors have given students of dragon- 
flies one of the most interesting volumes on that order. It is unusually well 
illustrated but we have overlooked the line of credit for one who was obviously 
a first class artist. (We like the Continental method where both artist and 
engraver were indicated on each plate. In darkest Mittel-Europa they helped 
many a hurried author.) 

Part I is devoted to the Anisoptera with Part II given over to the Zygoptera. 
Altogether 142 species are dealt with of which 25 are described as new. As checked 
against Fraser’s list from India (537 species) and Lieftinck’s lists from the East 
Indian islands this number of species may be but one-third or one-fourth of the 
number that thorough field work will ultimately disclose. We hope that Pro- 
fessor Needham will see the day when he can do that through exploration. In 
his introductory comments he points out the limited areas in which collecting 
has been done.to date. These are about three or four spots where an entomologist, 
a school and a dragonfly stream coincided. As the list of species is little longer 
than that known for the state of Indiana where about 125 species have been found, 
there is still room for some ardent collector to do much needed work in the 
Philippines. 

The strength of the work lies in the illustrations, particularly those of the 
various strange larvae, a number of which are figured for the first time. If 
correctly identified, these figures of larvae are well enough done to be of very 
material assistance to future students of the phylogeny of the Odonata. As far 
as we have noticed determination of larvae is based largely on venation in the wing 
pads. This is usually the best that can be done on material collected by others. 

We are glad to see this volume as for the first time it gives us a general picture 
of a considerable fauna which will prove of great interest to students of distribu- 
tion. The Philippines lie in warm seas where the climate has probably been 
free from great changes for geological ages. They harbor primitive types along 
with the most modern as no great climatic changes have eliminated past faunas. 
It would not surprise the present reviewer to see an Anisozygopterous species or 
two of Mesozoic origin recorded from these islands. One occurs in Japan and one 
in southeastern Asia. Probably some of the more primitive genera in both 
Zygoptera and Anisoptera date from at least early Tertiary. The authors have 
given us our first real glimpse of these strange and thrilling forms.—C. H. K. 
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